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Sad 
news 


or pests 


For over 25 years the Rohm & Haas 
Company has been a leading de- 
veloper and manufacturer of agri- 
cultural chemicais. Some of the many 
Rohm & Haas products now avail- 


able are listed at the right. 


Chemicals for Agriculture 


AL ROHM € HAAS 


COMPANY 
WASHANGTON SQUARE, PHILADELPHIA 5, PA, 


Representatives in principal foreign countries 


DrrHANs, KARATHANE, K&LTHANE, LETHANE, PERTHANE, RHO- 
THANE and TRITON ar: 
principal foreign comntric 


marks, Reg. U. S. Pat. Of. and in 


KELTHANE 
A miticide for use on 
fruits, vegetables, and 
ornamentals. Its long 
residual activity and 
low toxicity make it 

particularly useful. 


PERTHANE 

A safe effective insecticide 
for use on various fruit 
and vegetable crops. 

Its low range of toxicity 
makes PERTHANE especially 
usefuli n late season 
applications. PERTHANE is 
also effective in household 
sprays and mothproofers. 


RHOTHANE 

{DDD or TDE) 

This insecticide is widely 
used for control of horn 
worms, red-banded leaf 
roller and many other 
pests of fruits 

and vegetables. 


KARATHANE 
fungicide. This is the 
first organic fungicide 
to give effective 
control of powdery 
mildew. Also has 
activity against 
several mite species. 


DITHANE 
Three DITHANE products 
ere now available. 


M-22 (maneb). DITHANE 
fungicides are the most 
versatile and widely 
used of any 
agricultural fungicide. 


LETHANE 

The first synthetic organic 
insecticide; used in many 
of the leading dairy 

and household oil-based 
sprays and aerosols. 


TRITON 

The TRITON emulsifiers and 
wetting agents cre 
versatile products useful 
for the emulsification of 
pesticide formulations, as 
wetting agents for use in 
the manufacture of 
wettable powders, and 
are recommended as 
spreading, wetting, and 
sticking agents for fruit 
and vegetable sprays. 
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SOURCES OF PROTOPLASMIC RESISTANCE TO PUCCINIA SORGHI IN CORN? 
A. L. Hooker? and P. M. LeRoux* 


SUMMARY 


In greenhouse tests with seedlings of over 300 
corn strains from the United States, Mexico, Argen- 
tina, Australia, Guatemala, Ethiopia, Canada, Tur- 
key, South Africa, and Peru, 64 strains were re- 
sistant (chlorotic to necrotic flecks) to 1 or more 
of 56 isolates of Puccinia sorghi. The isolates of 
the pathogen were obtained as uredial collections 
from widely separated areas in the United States 
and Mexico or as aecial collections from the al- 
ternate host (Oxalis spp.) following artificial inocu- 


lations in the greenhouse with sporidia from telial 
collections made in North America. Some seedlings 
in the Peruvian variety Cuzco were resistant in each 
test to all isolates of P. sorghi. Inbred lines B38, 
GG208R, and K148 were susceptible to only a few 
isolates, and L317 was susceptible to all isolates. 
On the basis of hybrid reaction, the resistance ap- 
pears to be due to dominant factors in 34 corn 
strains and to recessive factors in 10. 





Protoplasmic resistance in the host and physiologic 
specialization in the pathogen have been extensively 
studied in the rust diseases of small grains, flax, and 
a few other crops. In corn, however, only a few re- 
ports of protoplasmic resistance (3, 5, 6, 7, 8, 9, 10, 
11, 14, 15) or of physiologic specialization (5, 6, 11, 
14. 15) have been given. 

The present study was initiated to locate sources of 
resistance in corn (Zea mays L.) to Puccinia sorghi 
Schw. 
genetics of resistance, nature of resistance, and influ- 
the host: on 


physiologic specialization, genetics of virulence, and 


This is basic to more advanced studies on the 


ence of environment on resistance in 
differential survival of biotypes in the pathogen; on 
host-pathogen gene interaction; and on control of the 


disease through host resistance. 


The present report presents data on some of the 


sources of resistance located in the initial phases of 


1 Accepted for publication October 15, 1956. 
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these investigations. A 


other aspects (4). 


companion paper presents 
that strains of 
corn will remain relatively rust free when exposed to 
natural epiphytotics in the field (1, 2, 14, 16). Only 
a small portion of these strains, however, usually show 


It is a common observation many 


protoplasmic resistance (chlorotic to necrotic flecks) 
when inoculated with the pathogen in the seedling 
stage. Strains that are resistant as seedlings to a 
specific fungus biotype also are resistant as adult 
plants. Corn strains that were resistant or susceptible 
as adult plants in 1 season have shown similar reac- 
tions in succeeding seasons. These data suggest that 
2 types of resistance to rust exist in corn: 1) proto- 
plasmic resistance that is effective at all plant stages 
and 2) adult-plant resistance that is effective only in 
adult plants in the field (2). 

Strains resistant as seedlings have been selected 
from among early-generation inbred lines of several 
varieties of open-pollinated corn by several investiga- 
(6, 9. 11, 14). These investigators also noted 
differential virulence in the pathogen, and they distin- 
quished several physiologic races. To the authors’ 
knowledge, the differential host varieties used to dis- 
tinguish these races have not been maintained. Mono- 


tors 


genic inheritance for resistance has been postulated 
for the resistant corn strains GG208R, Hidalgo 1-2, 
and Michoacan 26-3 (7, 8, 10). The gene action has 
been dominant in GG208R and incompletely dominant 
in Hidalgo 1-2 and Michoacan 26-3. The gene for rust 
resistance in GG208R has been located in the short 
arm of chromosome 10 (12, 13). Of the corn strains 
previously reported in the United States (6, 9, 14) as 
resistant in the seedling stage, only GG208R and re- 
lated selections of Ball 
Additional tests were possible, how- 
Hidalgo 1-2 and 
of the strains 


pop corn were available for 
further testing. 
with related 
Michoacan 26-3 (10) 
tested in Mexico (11). 

MATERIALS AND METHODS.—Parallel seedling evalua- 
tions were made at the Wisconsin and Iowa Agricul- 
For the most part, sepa- 


ever, selections of 


and with many 


tural Experiment Stations. 
rate strains of corn were evaluated at the 2 institu- 
tions whereas the isolates of P. sorghi employed were 
common to both. 


113-186) was issued April 17, 1957 
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At Wisconsin in 1953. 85 dent or sweet corn strains 
were studied for reaction to 15 isolates of P. sorghi. 
In 1954, 200 corn lines from various parts of the world 
were inoculated with each of 24 isolates of the patho- 
gen. Forty of the 200 corn lines and 15 additional 
lines were inoculated with each of 14 more isolates of 
the pathogen. Two corn strains were tested with a 
total of 56 ioslates. 

1953 throughout 


Agricultural 


Rust was generally prevalent in 


the various corn nurseries on the lowa 
Experiment Station, permitting field ratings on ove 
1500 inbred lines, open-pollinated varieties, and plant 
introductions. One hundred sixty strains that were 
rated as having 1 per cent rust or less in this natural 
epiphytotic were evaluated for their reaction to each 


of 18 isolates of P. sorghi in tests with seedlings in the 


greenhouse. 

The corn strains tested at the 2 institutions com- 
prised dent, flint, sweet, and pop corn types. They in- 
cluded early and advanced-generation inbred lines, 


autodiploid lines, synthetic varieties, and open-polli- 


nated yarieties. Most were of North American origin. 
America, and a tew were 
Australia. 


Peru, and the Union of 


many were from Central 


from widely separated locations such as 
Argentina, Ethiopia, Turkey 
South Africa. 


Isolates of P. sorghi were obtained as uredial collec- 
North and 


America or as aecial collections obtained by 


tions from widely separated locations in 
Central 
inoculating the alternate host (Oxalis corniculata L. 
or O. europaea Jord.) with sporidia from North Ameri- 
can telial collections. Each isolate was clonally propa- 


gated from a single spore or following 3 successive 
single-pustule transfers. 

Q 
2) 


Hybrids of the rust-resistant strains with | 
ceptible dent corn inbred lines were made in 1954 
In several cases, where open pollinated varieties OF 
early-generation inbred lines were heterogeneous for 
rust reaction, resistant seedlings were transplanted to 
the field and used in hybrid production. In other cases, 
these strains were evaluated on an _ individual-plant 
basis in the field; hy podermi inoculations with spe- 
cific isolates of the pathogen identified the resistant 
plants, and the susceptible plants were destroyed. 
Where the rust resistant strain was believed to be uni- 
form for rust reaction, as in inbred lines, seed from 
an individual-ear selection from the same generation 
was planted. 

Standard techniques of inoculation, incubation, iso- 
lation, and disease ratings employed in other cereal 
rust investigations were followed 


Resutts.—Several types of reaction to P. sorghi 


were evident in the corn strains studied. In the strains 
regarded as resistant, reproduction of the pathogen 
was inhibited, suggesting a reaction between host cells 
and hyphae of the pathogen soon after contact of the 
two. Local reaction of the host cells was that of 
chlorosis, and in some corn strains this was followed 
These usually involved 


by necrosis. necrotic areas 
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only a few host cells, but in 1 strain the necrotic 
flecks increased in size and coalesced to destroy much 
of the leaf surface. Small uredia were found on only 
a few corn strains. On a few other strains, both re- 
sistant- and pustules (not due to 
mixed biotypes of the pathogen) were encountered on 
the same leaf. Although these 2 types could be dif- 


ferentiated from the fully susceptible reaction indi- 


susceptible-ty pe 


cated by large uredia, they were classed as susceptible 
in the present study. Macroscopic symptoms were pro- 
duced on all corn strains following the interaction of 
host and pathogen, and differentiation between re- 
sistant and susceptible reactions was based largely on 
the absence or presence of uredia at the infection sites, 
Most of the corn strains were either highly resistant 
or fully susceptible. 

Seedlings of 85 corn strains obtained from lowa 
or Wisconsin were tested with 15 isolates of P. sorghi 
in 1953 at Wisconsin in the greenhouse. Evidence for 
resistance to 2 isolates of the pathogen was obtained 
in 1 corn strain; the remaining 84 corn strains were 
susceptible to all 15 isolates of the pathogen. Sixteen 
of the 85 corn strains, however, had good adult-plant 
resistance to the pathogen in the field. 

Thirty-five of the 160 corn strains with adult-plant 
resistance to P. sorghi in the field were also resistant 
in greenhouse tests with seedlings at lowa in 1954. 
\ few ol 
identically to all 


were closely related and reacted 


18 isolates of the pathogen used. 


these 


\s these were assumed to carry the same genetic fac- 
tors conditioning rust reaction, only 1 from each 
group is included in the combined list of rust-resistant 
sources in Table 1. In addition to those listed, 13 
more corn strains showed evidence of resistance: how- 
ever, such resistance was usually to only a few isolates 
and in the form of a reduced pustule size, or the re- 
action was modified markedly by environmental condi- 
tions. They were, however, resistant as adult plants 
to the pathogen in the field; and with a larger sample 
of germplasm in P. sorghi, isolates may be obtained to 
which some or all of these additional corn strains may 
be regarded as resistant. 

Because only 1 highly resistant corn strain was 
found in the 1953 tests at Wisconsin, other sources of 
germplasm were examined. These included 120 early- 
generation inbred lines from Mexico, 75 inbred lines 
from the United States (from 7 states), 2 varieties 
from Guatemala, and 1 variety each from the Union of 
South Africa, Turkey, and Peru. The 200 corn strains 
were inoculated with each of 24 isolates of P. sorghi. 
Thirty-five of the Mexican and 3 of the United States 


9) 


inbred lines. the 2 Guatemalan varieties. and _ the 


Peruvian variety were highly resistant in the seedling 
stage to some isolates. Further tests were made on 55 
corn strains, including 15 additional strains, with ad- 
ditional isolates of the rust pathogen. Corn strains 
found resistant in the seedling stage to certain isolates 
of P. sorghi in these tests are included in Table 1. 
Many of the corn strains, especially varieties and 


early-generation inbred lines, were heterogeneous for 
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TasL_e 1.—Sources of protoplasmic resistance to Puccinia sorghi and range of their effectiveness as indicated by domi- 
nance and by proportion of isolates of P. sorghi tested to which they were resistant 


Resist- 

Proportion ance 

of isolates domi- 

of P. sorghi nant 

to whic h (D) or 

corn strains reces- 

were sive 
Corn strain Origin resistant (R) 
P.1.198901* Argentina 10/17 x 
P.1.172332 Australia 9/17 D 
P.1.193906 Ethiopia 3/16 x 
P.1.163558 Guatemala 18/4] D 
P.1.163563 Guatemala 12/38 D 
Argentino 216-4-10 Mexico 2/24 ? 
Bolita 235-3 Mexico 2/24 D 
Celaya 126-5-6-1 Mexico 11/24 ? 
Celaya 39-2-2 Mexico 12/38 ? 
Chapingo | 43-1-1-1 Mexico 21/36 D 

Chapingo II C.F.(4-2)- 

1-1-3 Mexico 1/16 D 
Guanajuato 29-157A-5-7-1 Mexico 31/38 D 
Guanajuato 29-157A- 

3-8. ] Mexi oO 28/38 D 
Guanajuato 59-126- 

1-1-6-2 Mexico 3/24 ? 
Guanajuato 59-272-1-7 Mexico 27/38 D 
Hidalgo 1-5 Mexico 3/17 D 
Hidalgo 3-5- | 1-] Mexico 5/34 D 
Jalisco 35A-230-1-1] Mexico 1/21 D 
Jalisco 56-9-2-2 Mexico 1/38 D 
Leon | 27-4-] Mexico 30/38 1) 
Leon I 143-2-] Mexico 12/17 D 
Mexico 37-5-2-3-] Mexico 10/36 D 
Mexico 38-3-1-3 Mexico 3/17 4 
Mexico 39-26-1-] Mexico 5/17 D 
Mexico 50-81-3-4 Mexico 1/16 D 
Michoacan 21-5 Mexico 2/16 ¢ 
Michoacan 21-8-3-2 Mexico 2/17 ? 
Michoacan 21-101]-1-2 Mexico 11/16 D 
Puebla 6-1-4-] Mexico 2/16 4 
Puebla 34-3-1-2 Mexico 2/16 D 
Queretaro Y 23).5-2.] Mexico 5/16 }) 
Queretaro \V 260-1-2-] Mexico 27/38 1) 
Queretaro V 307-1-1-] Mexico 9/17 D 


Resist- 

Proportion ance 

of isolates domi- 

of P. sorghi nant 

to which (D) or 

corn strains reces- 

were sive 

Corn strain Origin resistant (R) 

Queretaro VI 154- 

5-3-2 Mexico 7/16 D 
Queretaro VI 366 Mexico 8/17 D 
Rox amex V.7 Mexico 5 18 D 
Rocamex \-2] Mexico 10/22 D 
Rocamex VS-10] Mexico 5/17 D 
Urquiza 17-3-1 Mexico 1/16 
Urquiza 30-5-1-1 Mexico 5/30 ? 
Urquiza 52-1-3] Mexico 9/15 ? 
Urquiza 56-5-1-2 Mexico 1/16 ? 
Cuzco Peru 59/59 D 
(A277 & Amargo 

$]-2504B) -1-27-1 U.S. 1/16 D 
(A277 * Amargo 

$]-2504B) -1-47-1 US. 6/16 ? 
B38 US 39/44 D 
Blacks Yellow Dent U.S 1/1 D 
Corn Borer synthetic 

419-]-] U.S. 5/17 R 
GG208R U.S. 43/44 D 
Golden Glow U.S. 1/1 D 
Golden King U.S. 1/1 D 
K 148 U.S. 37/44 D 
Krug U.S. L/] ? 
Midland 24-2-] U.S, 1/16 R 
Midland 125-3-1 U.S. 2/17 D 
(Minnesota Synthetic 

#2) -25-2-1-] US 1/17 ? 
(Oh45 & W92)-1-1-2 U.S. 1/17 R 
(Oh45 * W292) -2-4-2 U.S. 1/17 R 
(Oh45 « W92)-2-5-2 U.S. 3/17 D 
Pop 19 U.S. 9/16 R 
Pop 5 US 1/17 R 
Pop 16) LS 2/16 if 
Pop 36a LLS 2/16 R 
Synthetic A U.S l/] D 


Pl. refers to the accession number of the Division of Plant Exploration and Introduction, A.R.S., U.S.D.A 


rust reaction. Plants of only 2 different reaction types 
usually were found within any given corn. strain. 
Where this diversity was encountered, larger popula- 
tions of seedlings were tested with each isolate than 
where the corn strains were homogeneous for rust re- 
action. A corn strain was classified as having resist- 
ance to a particular isolate if some of the plants in 
the mixed population were resistant to it 

\ total of 260 resistant 
evaluated with 1-7 isolates of P. sorghi to which the 


susceptible hy br ids were 


resistant parent was resistant and the susceptible par- 
ent susceptible. These data have shown that 34 corn 
strains carry dominant genes and that 10 appear to 
carry recessive genes for resistance (Table 1). Al- 


though resistance in any 1 hybrid was always domi- 


nant or recessive to all isolates tested, it is possible 


that some strains might have both dominant and re- 
cessive genes for resistance. Many of the hybrids were 
mixed for rust reaction, indicating that the rust-re- 
sistant plants used were heterozygous. This was to be 
expected, as many of the sources of resistance were of 
open-pollinated or early-generation inbred origin. The 
hybrids involving homozygous inbred strains, how- 
ever, were uniform for rust reaction. 

As indicated in Table 1, some strains were resistant 
to most isolates and others to only a few. Some plants 
in the variety Cuzco from Peru were resistant in all 
tests in which 59 different isolates of P. sorghi were 
used. Only 1 isolate was virulent on inbred GG208R, 
5 on inbred B38, and 7 on inbred K148. Inbreds L317 
and B14 were susceptible to all isolates of P. sorghi 
tested. 
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Discussion.—The geographic distribution of the 
rust-resistant strains detected in these investigations 
would indicate that rust-resistant corn strains occur 
with the greatest frequency in Mexico. This is purely 


suggestive, for it is based on the origin of 37 
Lnited States, 2 from 


Australia, 


resistant 
strains from Mexico, 21 from the 
and 1 each from Argentina. 
Peru An 
tested 
a majority of them were 
United States. As 


development, corn may be more diverse genetically in 


Guatemala, 


Ethiopia, and unequal number of corn 


strains were from each country. however. and 


obtained trom Mexico or the 


suggested by the history of corn 


Mexico than in other regions (16) 


Since many of the corn strains were heterogeneous 


for rust reaction, some of the classifications for rust 


reaction made in this study may have been incorrect. 


This would be particularly true with some of the sus- 


ceptible classifications since the particular corn strain 


may have possessed genes conditioning resistance to a 


particular isolate of P. sorghi, but only plants not 
carrying the required alleles were tested Where 
heterogeneity was exper ted plants of each strain 
usually were tested in numbers large enough to assure 
the inclusion of those carrying the genes tor rust re 
sistance. Nevertheless, a few es apes could have oc- 


curred. Therefore, the reported number of isolates to 
which each strain was resistant should be regarded as 
the minimum. 

On the 


and the differential reaction of the 


bases of the system of classification used 


corn strains to the 
group of isolates of P. sorghi, all resistant strains, ex- 
cept those tested with only 1 isolate. 
different. 


tion to P. sorghi in these corn strains are being identi- 


appear to be 


The genes conditioning the resistance reac- 


fied (3). Several of the corn strains are related and 
many may prove to have common genes. In various 
combinations, for rust reaction. For instance. the re- 


sistance in Golden Glow may be due to the same gene 


as that possessed by GG208R,. as this inbred was ob- 
Golden Glow In a similar 
K148 and that in Syntheti 


identical, for K148 was one of 


tained from the variety 


manner, the resistance in 


A may be genetically 


the inbreds used in the production of Synthetic A. 
Differential virulence among isolates of P. sorghi on 

the rust-resistant corn strains was found in these in- 

vestigations. There are several provisional sets of dif 


isolates into 


Further 


ferential varieties that differentiate the 


race groups on a phenotypic basis work on 


the genetics of host parasite interactions is necessary 
before the most useful set of 
lished. 

The 
P. sorghi in the various resistant 


transferred by successive backcrossing to the susce pti 


differentials can be estab 


genes conditioning the resistance reaction to 


sources are being 


ble corn inbred B14 (3 \dditional genes for rust re 
sistance can be added to this series when they are dis 
covered. These nearly isogenic corn stocks will be 
available as differential hosts in the study of physio 


logic specialization and in genetic studies with the 
pathogen. They would also appear to be valuable in 
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studies on the physiology of parasitism. 

It is not assumed that all germplasm for resistance 
in the host or for virulence in the pathogen was rep- 
Undoubtedly there exist addi- 


tional corn strains with protoplasmic resistance in the 


resented in this work. 
seedling stage to these and other isolates of P. sorghi. 
Also, there may be other isolates of P. sorghi to which 
the corn strains listed in Table 1 and others tested in 
the study are resistant. 

The 64 corn strains listed in Table 1, in addition to 
having protoplasmic resistance to 1 or more isolates of 
P. sorghi, also remained relatively rust free in natural 
epiphytotics in the field. Because of the dominance of 
the genes conditioning the resistant reaction to P., 
sorghi and because of the large number of isolates to 
which they are resistant, the factors in B38, 
GG208R. K148, Guanajuato 29-157A-5-7-1, 
[-27-4-] to be 
for use in transferring resistance to corn belt inbreds 


Cuzco, 
and Leon 


would appear those most promising 


and hybrids. The sublines of B14, each possessing a 
different gene conditioning the rust-resistance reaction, 
which are being established by backcrossing, will pro- 
vide a reservoir in which these and other factors will 
be maintained and from which they may be extracted. 
Efforts are being made to locate and to include in this 


series all of the genes conditioning resistance to rust 


in corn. 
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HETEROTHALLISM IN HELMINTHOSPORIUM MAYDIS! 
R. R. Nelson * 


SUMMARY 


Thirteen isolates derived from single spores of 
Helminthosporium maydis, conidial stage of 
Cochliobolus heterostrophus, were grown singly and 
mated in all possible pairs. The studies demon- 
strated that the fungus is heterothallic, in that 
monoconidial isolates are self-sterile. 

Mature perithecia were produced most abundant- 
ly and consistently when isolates were paired on 
opposite sides of a section of sterile corn leaf 
placed in the center of a Petri plate containing 
cornmeal agar or Sach’s agar. Best results were 


obtained when these matings were kept continually 
at 24° C. 

The conidial isolates were put into 1 of 2 com- 
patibility groups, designated as A and a. General- 
ly, isolates were intergroup fertile, although oc- 
casionally compatible matings failed to yield peri- 
thecia. Certain isolates of the same compatibility 
group were fertile when mated with one another, 
indicating that genetic factors other than factors A 


and a govern perithecial formation. 





Southern leaf spot of corn, caused by Helmintho- 
sporium maydis Nisikado & Miyake, is a widespread 
disease throughout most of the major corn growing 
areas of the world. The disease frequently is destruc- 
tive in the southeastern United States, where high 
temperatures and high relative humidity prevail 
throughout much of the growing season. The perfect 
stage of the fungus, Cochliobolus heterostrophus 
Drechs., rarely has been reported as occurring in na- 
ture, and the relative importance of the ascigerous 
stage in the life cycle of the disease is not known. 
Drechsler® originally described C. heterostrophus 
(Ophiobolus heterostrophus ) from perithecia obtained 
by incubating naturally diseased corn leaves on 
moistened filter paper in a damp chamber. Some of 
the perithecia developed within the tissues of the 
corn leaves and others on the filter paper. His studies 
demonstrated the association between the ascigerous 
stage and a species of Helminthosporium that was 
known to cause a foliar disease of corn. About the 
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Ophiobolus heterostrophus n.sp., the ascigerous stage of a 
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< 


Helminthosporium exhibiting bipolar 
Agr. Res. 31: 701-726. 


same time, Nisikado and Miyake* studied a leaf spot 
disease of corn in Japan and named the pathogen 
Helminthosporium maydis. They later recognized that 
H. maydis and the conidial stage of C. heterostrophus 
were synonymous. 

Mature perithecia of Cochliobolus sativus (lto & 
Kuribay.) Drechs. ex Dast., the perfect stage of 
Helminthosporium sativum Pam., King & Bakke, were 
obtained in culture by Tinline.© His cultural studies 
with monoconidial and monoascosporic isolates showed 
the fungus to be heterothallic. Monoascosporic isolates 
were hermaphroditic, self-sterile, intergroup fertile, 
and intragroup sterile. Although certain culture media 
favored the development of perithecia, matings of 
compatible isolates sometimes proved erratic. Tinline 
also indicated that isolates obtained from any 1 geo- 
graphic area may segregate into the 2 compatibility 
groups. 

As far as is known, the perfect stage of H. maydis 
has never been obtained from conidial cultures sup- 
ported by agar media. This paper is a report on the 
production of perithecia of C. heterostrophus in paired 
cultures of monoconidial isolates. It presents evidence 
concerning some of the environmental and genetie fac- 
tors that govern perithecial formation and points out 


t Nisikado, Y. 1926. Studies on two Helminthosporium 
diseases of maize caused by Helminthosporium turcicum 


and Helminthosporium maydis n. sp. Sci. Researches of the 
Alumni Assoc, of the Morioka Agr. Coll. 3: 35-71. 

. Tinline. R. 1D. 1951. Studies on the pertect stage of 
Helminthosporium sativum. Canad. Jour. Bot, 29: 467-478. 
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the heterothallic nature of the 

MATERIALS 
isolates of H. maydis obtained from naturally diseased 
North Carolina 


Five of the 


fungus 


AND METHODS Thirteen monoconidial 


corn leaves from 9 areas in Virginia 


and Georgia were used in these studies 


13 isolates were collected from | location in southwest 


Georgia. 
Mature perithecia were produced when small pieces 


of mycelium of compatible isolates were placed on 


opposite sides ot a section of sterile corn leaf placed 
The 


11, in ly in.. 


in the center of a Petri plate containing agar 


sections of corn leaf, approximately 


were sterilized by autoclaving for 1 hour. Perithecia 


developed only on the leaf tissue and never on the 


agar medium. Thirty different matings involving known 


compatible isolates were made in triplicate on aga 
media without the presence of corn leaf tissue. None 
of the 30 matings produced mature perithecia, and 


only 5 of the matings produced perithecia primordia 


Fertile perithecia were formed on corn leaf tissue 


placed on plain agar. potato-dextrose agar. cornmeal 


agar, and Sach’s nutrient agar it the most consistent 
development occurred on the last 2 media 


All matings were incubated at 24° C for the first 7 


days. Fertile perithecia developed when these cultures 


were then placed at 18° and 30° C, although the most 


consistent and abundant perithecia development 


Mature perithecia 


was 


by pairings kept continually at 24 


failed to develop when compatible matings were plac ed 


when subjected to periods of alternate freez 


} 


at 2° o1 
ing and thawing. 


The results of studies on cultural methods and ma 


terials indicate that the optin temperature at which 


mature ascocarps of C. heterostrophus are produced 
is 24° C and that cornmeal agar and Sach’s nutrient 
agar are the best supporting edia The length of 
time required for the formation of mature perithecia 
varied with the kind of supporting medium and with 
temperature. Under optimum conditions, immature 
perithecia appeared in 5-7 days and by 12-15 days 
had developed immature asci. A small proportion of 
the asci contained mature as vores In 18 days. and 
by 25 days most of the functional asci contained ma 
ture spores. Approximately 5-7 days more was re 
quired to reach comparable stages of deve lopme nt with 
matings placed at 18° and 30 

RESULTS AND CONCLUSIONS he 13> monoconidial 
isolates were grown singly at ited in all possible 
pairs. Matings were consider fertile if ascospores 
were produced. The results test are presented 
diagrammatically in Table | 

Cochliobolus heterostrop s is heterothall« In that 
monoconidial isolates are self-sterile. The isolates were 
put into 1 of compatibility or ips, designated here 
as A (isolates 1 through ¢ isolates through 
13). Generally all isolates « ted intergroup fer 
tility, although occasionally matings between isolates 
of opposite compatibility groups did not produce ma 


ture perithecia. Intergrou; tings varied what 


some 
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Paste 1.-Production of mature perithecia of Cochliobolus 
heterostrophus in matings of 13 monoconidial isolates 


Iso Mating reaction® in crosses of indicated isolates 


late ] 2 } } 5 6 7 8 5, MW i RT 
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— Denotes mature perithecia not produced; + Denotes 


mature perithe Cla produced. 


lack of fertility of the 
cross but also in the numbers of perithecia produced 


not only in the fertility or 
and in the numbers of mature asci that developed. The 
13 isolates were mated in all possible pairs in 3 sepa- 
rate tests before all intergroup matings yielded mature 
perithecia. 

There also was some intragroup fertility, in that 
certain isolates within one compatibility group would 
produce fertile perithecia when mated with one an- 
other. For example, mature perithecia were produced 
when isolate 2 was mated with either isolate 3 or 6, all 
(Table 1). 


tility also occurred in compatibility group a. 


Intragroup fer- 
Mature 


with 


of compatibility group A 


ascocarps developed when isolate 7 was mated 
isolate 10, 11, or 12. The production of perithecia from 
known compatible intragroup matings was very in- 
consistent, although the matings were repeated suc- 
cessfully. 

The fertility 
that at least 2 factors other than compatibility factors 


phenomenon ot intragroup suggests 
{ and a govern the production of mature ascocarps. 
isolate 2 differs 
isolates 3 and 6 as evidenced by the production of ma- 
ture perithee ia when isolate 2 
(Table 1). Isolate 2 
different or distinct isolates 1. 4. 


3 isolates do not mate with isolates 


Within compatibility group 4, from 


is mated with isolate 3 


or isolate 6 also is genetically 


from and 5 in that 


those 3 and 6. 
Isolates 3 and 5. of compatibility group {. and iso- 
lates 7, 9, 10 of 


nursuries in a 


and group a, were obtained from 3 


less than 15 square 
5 and 10. 


which are in opposite groups. were acquired from the 


breeding location 


mile in area in southwest Georgia. Isolates 
same culture isolated originally from a single lesion. 
These facts demonstrate that isolates of opposite mat- 
ing types are present in a single geographic area. It 
Is possible that the perithe¢ ial stage may be more 


common in nature than is presently believed. 
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ORBIC ACID CONTENT AT DIFFERENT STAGES OF GROWTH OF STEM RUST SUS. 
‘PTIBLE AND RESISTANT WHEATS GROWN UNDER DIFFERENT CONDITIONS ! 


Arthur J. Pilgrim and Maurice C. Futrell * 


SUMMARY 


No consistent correlation was found between 
ascorbic acid concentration and resistance to stem 
rust in wheat plants. In the varieties analyzed, there 
was a high concentration in the tiller stage, a rise 
and fall from the jointing through flowering stages. 
and a decrease from then until maturity. Kenya 
Farmer, a variety resistant to a large number of 
races of the stem rust fungus, (Puccinia graminis 
f. sp. tritict Eriks. & E. Henn.) showed a marked 
variation from the general pattern at the jointing 
stage of growth. There were no consistent differ- 


ences between the pattern of change in ascorbic 
acid of tetraploid and that of hexaploid wheats nor 
between the content of recently developed hexa- 
ploid wheats (Hope and Wisconsin 245) and that 
of parental tetraploids. Plants grown in the green- 
house under limited water conditions contained less 
ascorbic acid than did those given sufficient water. 
Similarly, plants grown under greenhouse condi- 
tions at 30° C contained less ascorbic acid than did 
those grown at 20 





Breeding new varieties of wheat resistant to the stem 
rust fungus, Puccinia graminis {. sp. tritici Eriks. & 
FE. Henn., has afforded the best means of control; how- 
ever, little is known about the biochemical nature of 
plant disease resistance. The widespread distribution 
of ascorbic acid in plant tissues and the lack of knowl- 
edge of its specific role lead to the present study on 
wheat. 

Noggle (9) stated that in plants of Rosen rye the 
percentage ot ascorbic acid, expressed ona dry-weight 
basis. was greater in tetraploid tissue than in diploid 
tissue. Darlington (4) showed that ascorbic acid con- 
tent of rose fruits increased as the chromosome num- 
ber of the tetraploid series increased. Barr and New- 
comer (2) reported that on a fresh-tissue basis tetra- 
ploid cabbage plants contained more ascorbic acid 
than did diploid plants. Noggle (8) vernalized Brill. 
a hard red winter wheat. for 67 days at 2° C. The 
plants were then placed under a daily photoperiod of 
8 hours so that they were prevented from going into 
the reproductive phase. Ascorbic acid was highest 
in early stages of growth and decreased as the plants 
aged. After the plants had been transferred from 
short to long days. a series of rhythmic changes in 
ascorbic acid concentrations occurred; these were 
evident prior to external evidences of flower formation. 
Barrett and McLaughlin (3) have shown that the 
carboxyl groups associated with the protein molecule 


may affect the leaf rust response of a wh 


eat variety. 
MATERIALS AND METHODS.—-During the fall of 1953 
and 1954. several varieties of snring and winter wheats 
were planted in field plots to insure sufficient amounts 
of aboveground vegetative parts at each growth stage 
for ascorbic acid analysis. Analyses were made during 
the tillering. jointing. booting. flowering. soft-dough. 
hard-dough. and ripe stages. Samples at each growth 
stage were taken from plants that had not been dis- 
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turbed previously. The varieties planted for analysis 
were the tetraploid wheats Khapli (C. I. 4013)%, St. 
164 (C. I. 13160), Yaroslay (C. 1. 1526), Nugget (C. 
I. 12620), and Timopheevi (C. I. 11802) and the 
hexaploid wheats Kenya Farmer (C. I. 12880), Hope 
(C. 1. 8178). Hard Federation (C. 1. 4980), Wiscon- 
sin 245 (C. I. 12633), and Bowie (C. I. 13146). All 
seed used in this study were drawn from U. S. Depart- 
ment of Agriculture stocks, and each variety was pure 
lined before initiation of the study. Khapli was chosen 
for this study because it has repeatedly demonstrated 
resistance to more races of the stem rust organism 
than has any other tested variety, although some races 
are known to attack it. St. 464 has excellent resistance 
to a number of races. Yaroslav, one parent of Hope, 
is resistant to many common races of the fungus. 
Nugget is resistant to common races but highly sus- 
ceptible to race 15b. Timopheevi is resistant to many 
races, with some selections moderately resistant to 
race 15b. Kenya Farmer is resistant to a large num- 
ber of races and is currently being used by wheat 
breeders in the United States. Hope possesses mature- 
plant resistance to many of the known races of the 
stem rust fungus but is susceptible to race 15b. Hard 
Federation is susceptible to several races. Wisconsin 
245. developed from T. timopheevi by Allard (1). 
is resistant to many races but moderately susceptible 
to race 15b. Bowie, developed in Texas by McFadden,* 
is resistant to many races but is susceptible to race 29. 

Some varieties developed faster than others, and 
consequently all varieties were not at the identical 
stage of growth when the wheats were analyzed. The 
method used for ascorbic acid analysis was that of 
Loeffler and Ponting (7). with slight modifications. 
len to 15 g of the entire aboveground portion of wheat 
plants were taken as a sample. added to 350 ml of 1 
per cent metaphosphoric acid in a Waring Blendor, 
and homogenized for 5 minutes at high speed. The 

> Accession number. Cereal Crops Section, United States 
Department of Agriculture 

‘McFadden. E. S. Unpublished data. Tex. Agr. Exp. 


Sta.. College Station. 1 
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extract was filtered, and 2-ml portions of the filtrate 


were pipetted into 3 matched electrophotometer tubes. 
Kighteen ml of double-distilled water was added to ] 
tube and the colorimeter adjusted to read 100 for this 
standardized 2.6- 
added to the 


Readings were taken from the B scale of 


tube. Eighteen ml of previously 


dichloroindophenol dye solution was 
other tubes. 
a Fisher electrophotometer, equipped with filter No 
525-B, 
action of the dye 


15 seconds after the start of the chemical re- 


solution. Readings were then in 


terpreted from a standard curve obtained with known 


concentrations of ascorbic acid 


Greenhouse experiments were conducted in which 


some of the same wheat varieties were grown In l-in 


pots. A uniform amount of composted soil was placed 


in each pot, and 10 seeds were pl inted per pot. Com 


parisons were made of the ascorbic acid contents of 


the following kinds of plants: 1] 
and nonrusted plants, 2 


stem rusted plants 
plants given optimal amounts 
of water and plants given minimal amounts, and 3) 


plants grown at 20°C and plants grown at 30°C 


Plants in each experiment were the same age at the 


time of analysis. Race 15b of the stem rust fungus 


was used for the inoculations. One series of plants of 


the same age. given different amounts of water. were 


divided into 2 groups: 1) pots left without water for 5 
days and 2) pots left without water for 4 days and 
watered on the fifth day. Analyses were made on the 


sixth day. Duplicate pots ot each variety plac ed 


at 20° and at 30°C for 
periment, and analysis was made at the end of this 


were 


weeks in the temperature ex 


period, 
content dec lined as the 
studied: 


RESULTS. The ascorbic acid 


plants matured in all field-grown varieties 


however, the pattern of change in ascorbic acid con 
tent as plants went through different growth stages 
(Table 1). OFf the tet: iploid studied. 


Khapli had the highest ascorbic acid content of any 


varied wheats 


in the tillering stage: its content dropped sharply 
through the jointing to the booting stage. and_ re 


ascorbic acid content of 


mained low to maturity. The 
Kenya Farmer was high in the tillering 


stage, 


droppe d 


sharply in the jointing stage, increased to the soft 
TABLE g I{scorbir acid ontent mez/l00 me tres} weight) 
of entire aboveground parts of 10 spring whea ¢ 


ties analyzed at 6 growth stage 


Variety Tiller Joint Boot | lough dough Ripe 

Khapli 198.0 76.7 0.2 16 
St. 464 147.8 985.7 85.5 4 3.2 26.2 2 
Kenya 

Farmer 156.5 10.5 1.0 76. 25. 4 16.5 
Yaroslav 145.0 98.5 74.8 53.0 8.9 38.1 8.2 
Timopheevi 115.0 107.2 18 46.0 42.3 47.9 14.9 
Wise. 245 126.0 72.7 79.2 13 42.0 217 11.2 
Hard 

Federation 139.1] 94, ] 91.2 19 7 11.6 37 
Hope 107.2 110.2 69.9 ) 5.0 299 8.2 
Nugget 156.5 100.3 53.1 23.2 10.5 15 
Bowie 149.2 100.7 89.4 ) 10 108 1.0 
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dough stage, then dropped at maturity. 

Inoculated plants of Hard Federation, Nugget, Wis- 
consin 245, and Hope developed pustules of the sus- 
ceptible type; those of Khapli and St. 464 developed 
type 1 pustules, and those of Kenya Farmer showed 
flecks in the When 


symptoms acid 


greenhouse 
had 
analyses were made on rusted and nonrusted plants 
(Fig. 1, B). Rusted 
Wisconsin 245 and Hope contained more ascorbic acid 
than did nonrusted whereas with Nugget the 
reverse was Khapli, Kenya Farmer, and Hard 
Federation showed only slight differences, indicating 


only experiments. 


maximum developed, ascorbic 


from each variety plants of 


ones, 


true. 


that infection by the fungus did not affect the ascorbic 
acid content. 

The incubation period of the stem rust organism 
at 30° than at 20°C in the 
experiment. The content 
than at 30 


The over-all amount of ascorbic acid pres- 


was 3-6 davs shorter 


greenhouse ascorbic ac id 


was higher at 20 in all varieties studied 
(Table 2). 
ent in this experiment was lower than in the other 2 
greenhouse experiments because older plants were 
used in the study. 


In the experiment on moisture supply, plants of 


each variety were grown to the jointing stage under 
normal water supply at 20°C in the greenhouse. The 
soil in the pot was then permitted to dry for 5 days. 
When the plants wilted (incipient wilting). but when 
none had as yet reached the permanent wilting point. 
| set of pots was watered amply and another set was 
kept at a low The ascorbic acid content 
later. In all 
ascorbic acid content was greatest in plants that re- 
(Fig. 1, A). 
tween the 2 sets of plants was in the variety St. 464 
and the least Kenya 


There was no consistent correlation of 


water level. 


was determined 2 days varieties, the 


ceived water The greatest difference be- 


in the variety Farmer. 
DISCUSSION. 
with resistance or with 
The 
may not be the same in all 
Khapli and St. 464, 
trends similar to that of Hard Fed- 
Khapli, which flecks 
upon invasion by the fungus mycelium, could be con- 


killing of 
this 


ascorbic acid concentration 


susceptibility to stem = rust. mechanism of re- 


sistance resistant wheat 


varieties. which are resistant to 


stem rust. show 


eration, a susceptible wheat. 


sidered susceptible because of the rapid 


invaded and adjacent cells of the host plant. If 


Taste 2.-Ascorbic acid content during boot stage of spring 
wheat varieties grown in the greenhouse at 2 temper 
atures 

Mg ascorbic acid per 
100 g fresh weight 
Variety 20° 0° ¢ 

Hard Federation 33.7 93.7 

Nugget 1.4 Ziel 

Wisconsin 245 35.2 17.9 

Hope 20.9 18.7 

Kenya Farmer 30.0 26.9 

Khapli 34.5 18.7 

St. 464 25.4 13.4 
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Fic. 1. A) Ascorbic acid content of wheat plants kept at low water levels compared with plants that were watered. 
B) Ascorbic acid content of rusted and nonrusted wheat plants. 


variety is considered susceptible, some correlation of 
ascorbic acid content and stem rust resistance is in- 
dicated by the data. These 3 wheats showed little or 
no fluctuation in ascorbic acid content from jointing 
to flowering stage, the period when stem rust does its 
greatest damage. Khapli, St. 464. and Hard Federa- 
tion develop rapidly from the jointing to the flowering 
stage. and tissues harden quickly; this may in part 
explain why their ascorbic acid contents are similar. 
The sharp drop in ascorbic acid content in Kenya 
Farmer at the jointing stage may be associated with 
resistance to the stem rust fungus. 

A number of workers (2, 4, 9) have compared the 
ascorbic acid content of plants in polyploid series. 
The Hope (N=21) wheat variety used in this study 
has recently been derived from Yaroslay (N=14) by 
hybridization and backcrossing, and Wisconsin 245 
(N=21) was derived from T. timopheevi (N=14). 
The ascorbic acid content of Yaroslav was higher than 
that of Hope from tillering to jointing stage, Hope 


had a greater amount than Yaroslav from jointing 
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to booting stage, and Hope had the lower amount 
from booting to ripe stage. There was little similarity 
in ascorbic acid content of Wisconsin 245 (N=21) 
and 7. timopheevi (N=14). 

Stem rust kills susceptible wheat plants much 
faster at 30° than at 20°C. 
tion to protect the plant against the shock of infec- 


Ascorbic ac id may func- 


tion, thus enabling the plant to live longer after it is 
invaded by the pathogen. The shorter incubation pe- 
riod of the stem rust fungus at the higher tempera- 
ture may be associated with the lower ascorbic acid 
content of the plants, The pattern of ascorbic acid 
development at 20° and 30°C in this study was simi- 
lar to that found by Gustafson (7, 8). 
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FACTORS AFFECTING THE SPREAD OF 

an 

When corn plants of 5 inbred lines were inocu- 

lated with Diplodia zeae Léy., the extent to which 


the disease developed in the inoculated stalks was 
about the same irrespective of whether the inocula- 


tion was made 1, 2, 3, or 4 weeks following anthesis. 
The rate of spread during a 4-week period follow- 
ing inoculation was nonlinear; the most rapid 
spread occurred during the early part of the incu 
bation period. In susceptible lines, the rate of 
spread was rapid during the first weeks and 
gradually diminished thereafter. In lines of inter- 
mediate resistance, the rate of invasion was rela 
tively constant throughout the 4-week period. In 
resistant lines, no spread occurred after the first 
week following inoculation 

When different internodes were inoculated, wide 


differences in the extent of spread of the fungus in 
the different inbred lines were recorded only when 
basal inoculated. Inoculation of 
successive internodes (third, fourth, and fifth) re- 
sulted in progressively greater spread in the inocu- 
lated internodes of each inbred line and smaller 
differences among lines. When the fifth internode 
was inoculated, the fungus invaded the entire inter- 
node; the rate and extent were the same in resist- 
ant lines and in susceptible ones. 
The data indicate that the best 
evaulating corn strains for resistance to stalk rot 
would be to inoculate the first or second elongated 
internode above the ground 1-3 weeks 
make 


3-4 weeks following inoculation. 


internodes were 


procedure for 


following 


anthesis and to records of disease severity 





Since the publication of the iper by Smith, Hoppe, 


and Holbert ; on a successful il ino ulation tec h 


irtifie 


nique for measuring resistance to Diplodia zeae Lévy 
in corn (Zea mays | stalks. there have been few 
publications on this subject Then ethod, with slight 
mechanical modifications, is extensively employed in 
many corn breeding programs in the North Central 
States. In these routine inoculations, it is frequently 
more convenient to inoculate whole blocks of corn at 
1 time, although individual plants or strains within 
such blocks may vary in maturity. than it is to inocu 
late each plant at a comparable maturity date Simi 
larly, observations on severity of disease following 


wit! in 


i short period tor 
that al 


inoculation are usually made 
Hooker'* nas 


ferences in Diplodia 


all plants and strains shown 


though corn strains show wide 


1 Accepted for publication \ Yo6 

Journal Paper No. J-3009 of 1 lowa Agricultural Ex 
periment Station, Ames, Iowa, Project No, 1140 

2 Agent. Field Crops Resear Branch, Agricultural Re 
search Service, U. ne Depart nent of \ork ilture Depart 
ment of Plant Pathology, Universit f Wisconsin: formerly 
Assistant Professor, Department f Botany and Plant 
Pathology, Iowa State ( ege 

3Smith, A. L., P. E. Hoppe J. R. Holbert ) 
Development of a_ differentia ition technique t 
Diplodia stalk rot of corn. P ogy 28: 497-504 

* Hooker, A. I 1956 \ss f resistance to sev 
eral seedling, root, stalk, and ¢ ( ' rm. Phy, 


pathology 46: 379-384 


spread in the base of inoculated corn stalks, these 
differences are much less extreme in the internode be- 
In fact, most corn strains showed a sus- 
The 


presents data on the relationship of date of inoculation 


low the ear. 


ceptible reaction in this location. present pape! 


upon the rate and extent of subsequent spread of D. 
zeae during a 4-week period following inoculation in 
stalks of corn inbred lines differing in susceptibility 
to stalk 


extent of disease development 


rot. Also, information is presented on the 
different stalk 
internodes of similar corn strains were inoculated with 
dD. cede. 
MATERIALS 
in stalks of 
and WF9) 


at weekly 


when 


AND METHODS.—-The spread of Diplodia 
(B14, 1al53, L317, Os420, 
inoculated on different dates was recorded 


1954. 


3 replications was employed. The 


5 inbred lines 


intervals in \ split split-plot experi- 
mental design with 
corn plants in 4 main plots of each inbred line were 
inoculated in the first elongated with D. 
each of 4 dates: 1, 2, 3, aiter 
Notes on disease severity in subplots within 


each of the 4 main plots were recorded 1, 2, 3. and 4 


internode 


zeae on and 4 weeks 


anthesis. 


weeks after each inoculation date. 

The relationship of the site of inoculation to the 
t of the 
\ split- 


3 replications was em- 


of the disease was also measured in 
(B14. L317, Os420. and WF9). 


plot experimental design with 


severity 
inbred lines 
ployed. Corn plants in separate plots of corn were 


inoculated in the first, second, third, fourth. and fifth 
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elongated internodes above the ground. All inocula- 
tions were made on the same day, approximately 2 
weeks after anthesis. Notes on disease development in 
the inoculated internodes were taken 5 weeks later. 

Plots were over-planted and then thinned in the 
seedling stage to a row of 13 spaced plants. All nor- 
mally developed plants that survived were inoculated. 
Inoculations were made by injecting a water suspen- 
sjon of pycnospores of D. zeae into the pith of the corn 
stalk. The severity of the disease was measured in 
10 individual plants taken at random, except that the 
end plants in each plot usually were excluded. Each 
plant was cut longitudinally through the inoculated 
area with a knife and rated numerically according to 
the following scheme: 1) 0-25 per cent of the inocu- 
lated internode infected, 2) 26-50 per cent of the 
inoculated internode infected, 3) 51-75 per cent of the 
inoculated internode infected, 4) 76-100 per cent of 
the inoculated internode infected, 5) infection spread- 
ing into adjacent internodes, and 6) plant killed. 
These individual plant ratings were averaged to obtain 
a plot rating. 

The variances in each experiment were analyzed 
statistically. 

EXPERIMENTAL RESULTS.—-Date of inoculation and 
date of reading.—The variations due to inbred lines, 
to inoculation dates, to reading dates, and to all inter- 
actions were significant at the 1 per cent level (Table 
1). The largest portions of the total variance were at- 
tributable to inbred lines, to reading dates, and to the 
interaction between the two. 

Inbred B14 was the most resistant of the corn lines 
tested. whereas inbreds 1Ial53 and Os420 were the 
most susceptible. Inbreds WF9 and L317 were inter- 
mediate; the former was more resistant than the latter. 
The ranking of these lines as to stalk rot reaction in 
this test was similar to that in other tests* in 1953 
and 1954. Inbred Ial153 was about 1 week earlier and 
inbred L317 about 1 week later in maturity than were 
inbreds B14, Os420, and WF9. 

A small difference due to dates of inoculation was 
measured. More spread of the fungus occurred fol- 
lowing inoculations made 1 week after anthesis than 
following inoculations made on subsequent dates. 

Disease development on different dates varied great- 
ly. The smallest spread of the pathogen in inoculated 
stalks was recorded 1 week after inoculation, and the 
greatest 3 weeks later. This increase in spread was 
nonlinear. The fungus spread most rapidly during 
the first week after inoculation and spread successively 
less per week during the following 3 weeks. 

Although only small differences were measured, the 
5 inbred lines when inoculated at 4 different dates 
gave different individual responses. Greater spread of 
Diplodia occurred in the stalks of inbred L317 (late 
line) when inoculated 1 week after anthesis than when 
inoculated at a later date. In the stalks of inbred 
1al53 (early line), slightly more spread was obtained 
when inoculated 3 and 4 weeks after anthesis than 


when inoculated earlier. There was no apparent differ- 


Pasie i. 4verage indices of the spread of Diplodia zeae 


in stalks of 5 dent corn inbred lines at 4 weekly 
intervals following 4 dates of inoculation 


Interval be- Average indices* recorded at in- 
tween anthesis dicated number of weeks following 
and inoculation Inbred inoculation 


(weeks) line l 2 3 4 Average 

] B14 1.0 Ls 1.3 1.1 1.2 

1al53 1.7 3.5 4.1 4.0 3.3 

L317 LJ] 2.9 3.6 3.8 2.8 

Os420 1.4 3.2 3.6 3.7 3.0 

WF9 1.1 1.4 1.7 1.7 L5 

Average 1.3 2.5 2.‘ 2.8 2.4 

2 B14 1.0 1.0 1.0 1.1 1.0 

1al53 3.3 2.8 3.7 4.7 3.2 

L317 1] 15 1.9 2.5 18 

Os420 1.7 3.2 3.2 3.6 3.0 

WF9 1.2 1.4 1.4 1.4 1.3 

Average 1.3 2.0 2.2 2.7 2.1 

} B14 1.0 1.0 1.0 1.0 1.0 

{al53 1.5 2.9 1.5 5.2 3.5 

L317 1.1] 1.2 1.6 3.3 18 

0s420 1.3 ay 3.7 3.9 2.9 

WF9 1.0 1.1 1.4 L5 1.2 

Average 1.2 1.8 2.4 3.0 2.1 

} B14 1.] 1.0 1.0 1.0 1.0 

lal53 1.2 3.2 1.9 6.0 4.8 

L317 1.0 1.2 3.2 3.7 2.3 

0s420 1.3 2.7 3.2 1.2 2.9 

WF9 1.0 1.4 1.2 1.9 1.4 

Average 1.1 1.9 2.7 3.4 2.3 

\verage B14 1.0 1.1 lL. l.1 1.1 

1al53 L5 3.1 4.3 5.0 3.5 

L317 1.1 1.7 2.6 5.3 22 

Os420 1.4 3.0 5 $.8 2.9 

WFO 1.1] 1.3 1.4 1.6 1.4 
Average 1.2 2.0 2.6 3.0 


‘Indices are the average of 10 individual plant ratings in 
} replicates based on a scale of 1 to 6, with 1 indicating 
that O—25 per cent of the inoculated internode was in 
fected and 6 that the plant was killed. 


ence in spread of the fungus in the stalks of inbreds 
B14, Os420, and WF9 (intermediate maturity) when 
inoculated on different dates. 

The fungus spread at a differential rate in the stalks 
of the 5 individual inbred lines as indicated by the 
readings taken at the 4 weekly intervals following 
inoculation. A rapid spread occurred during the first 
2 weeks in the susceptible lines [al53 and Os420, and 
the spread was gradual from then on. A gradual in- 
crease in spread from week to week occurred in the 
intermediate lines L317 and WF9. In the resistant in- 
bred line B14, no further spread occurred after the 
first week following inoculation. 

When all inbred lines are considered, the date of 
inoculation had little effect on the rate with which the 
disease developed in the stalks during the 4 weeks 
following inoculation. The spread of Diplodia during 
the second week was greater in internodes inoculated 
1 week after anthesis than in those inoculated later. 
The spread during the fourth week following inocula- 
tion was greater following the later inoculations than 
following the earlier ones 


Site of inoculation.—Statistically highly significant 


~ 
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differences existed among inbred lines, among inter- 
nodes, and in the interactions o nes internodes in 


the analysis of variance obtained where 4 


inbred lines were ino ted th D. zeae in 5 differ 
ent internodes (Table 2 

When all internode re co lered, the ranking of 
the 4 inbred lines as to the extent of spread of Dip 
lodia in the stalk was similar to that in other tests 
The greatest differences an red lines was re- 
corded when the basal internodes were inoculated 
The lines reacted the sar liffered little when 
inoculated in the fifth internode 

The least average spread ll 4 lines occurred 


when the first internode wa lated and the great 


est when the fifth internode noculated. Spread 
following inoculation of the second internode differed 
little from that following ino ition of the first. The 
fungus spread progressive] following inocula 


tion of the third, fourth, and ternodes 


The differential rate wit! the fungus spread 
in the 5 inoculated internods ot the same for all 
inbred lines. In the resistant inbred line B14. very 
little spread occurred followi ilation of either 
of the first 2 internodes. Progressively more spread 
occurred following inoculation of the third, fourth, and 
fifth internodes (Fig. | \ st all of such inte 


nodes were infected by | { When the fifth in 
ternode was inoculated sponse occurred in 
inbred WEF9. Although spread » greatest following 
inoculations made in the upper ternodes of inbred 
L317. spread was also extensive llowing inoculation 
in the lower internodes. In inbred Os420 spread was 
extensive and independent of site of inoculation 


Discussion.—The data obt 1 indicate that rou 
tine evaluations for stalk rot resistance can best be 
made if corn stalks are inoculated in the first or se 
ond elongated internode above the ground between |] 
and 3 weeks following anthes l records of dis 
ease severity are made at least 3 weeks and preferably 
1 weeks after inoculation. Altho there is some e€vi 


dence that 2 weeks followin thesis would be the 


most satisfactory time for ir tion ippears that 
successful inoculations and « tions can be made 
TABLE ) {rerage indices DD odia zeat 
? weeks atter artift } uf y i the first to the 
hith elongated nf y ‘ } nf ry nore nes 
Inbred nterne f ile 
line l Ay 
Bl4 1.0 3.9 on 
WF9 1.3 15 | ; 3.9 2.4 
L317 0 3 f io ? 
Os420 4.0 | | 10 10 
Average 2.3 4 | 9 
“Indices are the aver ige ot |V al plant ratings in 
3 replicates based on a scale of 1 to 6 with 1 indicating that 
0—25 per cent of the inoculat t e was infected and 


6 that the plant was killed 
» Internodes were inocula la eeks after anthesis 
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Fic. ] 


internodes of the 


Extent of spread of Diplodia zeae in 5 inoculated 
resistant inbred line B14. 


after 
that all 


and as late as 4 weeks 


WwW eek 


would 


as early as l 


anthesis. It appear quite important 
inoculations be made in approximately the same inter- 
The 
inoculation and observation of disease severity appears 
critical \t 
required for extensive spread of the fungus in = sus- 
ceptible corn stalks. If the date of 


reaction to Diplodia rot can be de- 


node for comparable ratings. interval between 


to be least 3 and preferably 1 weeks is 


inoculation is not 
delayed too long. 
harvest. 


termined satisfactorily at time of early 


effects attributable to dates of inocula- 


study 


Part ot the 
the 
inoculation conditions at each date. 


associated with 
Although efforts 


uniform concentration of 


tion in present could be 
were made to use a 
the 


date, they differed in age and perhaps in concentration 


spores 


obtained from same cultures at each inoculation 


of viable spores. In addition, the environmental con- 
ditions following each date of inoculation were not the 
same. The data indicate, however, that when all con- 
ditions of the experiment are considered, effects at- 
tributable to inoculation dates were small. 

Although the number of inbred lines involved was 
small and only 4 weekly observations were made. the 
indicated pattern of spread of the fungus in stalks 
im- 
stalks of 
the resistant inbred line B14, no further spread of the 
the first week. It is 


differing in resistance have some significant 


plications in the biology of the disease. In 


may 


fungus was observed after not 
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known whether the fungus was killed or only arrested 
in growth at that time. The fungus spread rapidly 
immediately following inoculation in the stalks of the 
susceptible corn lines, whereas a gradual increase in 
fungous spread was observed in the stalks of the in- 
termediate inbred lines throughout the 4-week period. 

Previous work showing that a corn line may express 
a resistant reaction to D. zeae when inoculated at the 
base of the stalk and a susceptible reaction when 
inoculated in the internode below the ear attachment 
raised the question as to what the reaction in the inter- 
nodes between these locations might be. The data 
obtained in this study indicate that regardless of the 
extent to which the fungus* invaded the basal inter- 
nodes, progressively more spread could be expected 
in each successive internode up to the ear attachment. 
\ susceptible corn line would be susceptible if inocu- 
lated in any internode, and a resistant line would be 
resistant only if inoculated in the basal internode. If 
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most of the natural infection with the stalk-rotting 
pathogens occurs through the base of the corn plant, 
resistance in this area would provide protection. The 
data obtained in this study would indicate that similar 
internodes should be inoculated in all cases where 
artificial inoculations are used to measure comparative 
resistance to stalk rot among corn plants or lines. It 
would appear that the first or second elongated inter- 
node above the ground level would be the most satis- 
factory for this purpose. In studies of the comparative 
pathogenicity of different stalk-rotting pathogens or of 
strains of such pathogens, it would be better to use 
similar internodes of different host plants that are 
genetically uniform than to use different internodes of 
the same plant. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
lowa STATE COLLEGE 
Ames, Iowa 


THE EXPERIMENTAL REPRODUCTION OF TOMATO INTERNAL BROWNING 
BY INOCULATION WITH STRAINS OF TOBACCO MOSAIC VIRUS! 


John S. Boyle and David C. Wharton 


SUMMARY 


The incidence of internal browning in plots lo- 
cated on a farm where the disease was endemic 
could not be correlated with 1) rate of fertilizer 
application, 2) disease control spray programs, or 
}) variety. Strains of tobacco mosaic virus were 
isolated consistently from internally browned fruit 
and from foliage of plants that had produced in- 
ternally browned fruit. A negative correlation was 
observed between the early appearance of mosaic 
symptoms and the ultimate production of internally 
browned fruit; when plants were inoculated with 
certain strains of tobacco mosaic virus soon after 
transplanting, they expressed foliage symptoms of 
mosaic but did not produce internally browned 
fruit. Plants vegetatively propagated from plants 
that previously produced internally browned fruit 


also expressed foliage symptoms of mosaic but pro- 
duced only normal fruit. 

(Attempts to reproduce the internal browning 
symptom by inoculation of young tomato plants 
with tobacco mosaic virus isolates from internally 
browned fruit were unsuccessful; however, when 
large healthy tomato plants were inoculated me- 
chanically with the same isolates just as the first 
fruit were beginning to ripen, a high percentage 
(up to 93 per cent) produced internally browned 
fruit. Since symptoms were consistently repro- 
duced only when this condition was fulfilled, in- 
ternal browning as it occurs in Pennsylvania is in- 
terpreted to be a “shock” reaction, coming as a 
direct result of virus invasion of the fruit, followed 
by a hypersensitive response of the host. 





\{n unexplained ripening disorder of tomato, Lyco- 
persicon esculentum Mill, referred to as internal 
browning, has occurred sporadically in the tomato- 
producing areas of the eastern United States since 
about 1946 (2. 3. 4). Serious losses have been record- 


ed in Pennsvlvania. In 1952, studies to determine the 


1 Accepted for publication October 15, 1956. 

Contribution No. 207 from the Department of Botany and 
Plant Pathology, Pennsylvania State Agriculture Experi- 
ment Station. Authorized for publication April 26, 1956, as 
paper No. 2064 in the Journal Series. 
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cause of this disorder were initiated at the Pennsyl- 
vania State University. | 
The most conspicious symptom of internal browning, 
and the one from which it was named by Haenseler 
in 1949 (4), involves the carpel walls and is best ob- 
served in fruit cut transversely, especially near the 
stem end (Fig. 1, B, C). Affected tissue is brown and 
often corky. All gradations of tissue browning occur. 
In slightly affected fruit, the browning appears to be 
associated with the vascular tissue along the inner 
face of the pericarp. Severely affected fruit have much 
brown tissue, which often extends into the septa. Ex- 
ternally, affected fruit may appear normal; however, 
in severe cases, the discolored brownish tissue of the 
fleshy pericarp shows through the transparent fruit 
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common characteristics of 


skin (Fig. 1, B). Other 
severely affected fruit are an off-color and depressions 


Histologic al 
that these depressions result from the collapse ot cer- 


over the browned areas. studies showed 
tain parenchymatous cells in the fruit wall 

Numerous ideas have been advanced to explain in- 
ternal browning and similar appearing disorders of 
is. o 4, & 9, 20, Li, 12), Dal workers 
associated with tomato production have come to be- 


lieve that they are all nonparasitic diseases. Rank vine 


tomato most 


growth, deep shade, high humidity, high soil-moisture 
levels, soil compaction, excessive levels of fertility, and 
nutritional imbalances are but a few of the factors be- 


lieved to cause abnormal ripening of tomatoes (5, 9, 
10, 12). The 1950 report by Holmes (8) 
browning is caused by strains of tobacco mosaic virus 


could not 


that internal 


from Plantago (6) is inconclusive, since he 


reproduce the disease in inoculated tomato plants un- 
der controlled conditions. Those skeptical of the idea 
that internal browning is a virus disease were quick to 
point out that infection by tobacco mosaic virus ap 
proaches 100 per cent in tomato fields in eastern states 
the end of the season. 


near Cherefore. they con- 


sidered the presence of tobacco mosaic virus in in- 


ternally browned fruits as probably of no etiological 
significance. 
At Carversville, Penn- 


METHODS AND MATERIALS 


sylvania, where the disease was known to be endemic, 
experiments were designed 1) to provide information 


on the seasonal development and the symptoms char- 


acterizing the disease: 2) to correlate, if possible, 
foliage symptoms with fruit symptoms; 3) to corre- 
late, if possible, cultural practices with incidence of 
disease; 4) to determine, in part, varietal susceptibili- 
ty and response; and 5) to determine whether a patho- 
genic agent was consistently associated with the dis- 
ease. 


Park. the 


isolated from diseased tomato and possible reservoir 


In the greenhouses at University viruses 


hosts were identified and maintained. The green- 
houses also served asa plac ¢ whe re ¢ ontrolled inoc ula- 
tion experiments could be made on tomato. In field 


experiments at University Park, which were conducted 


in plots where the disease seldom, if ever. had oc- 
curred, the only objective was to attempt to reproduce 


the internal browning symptoms experimentally 


All field experiments at both 
ducted on replicated and randomized plots of 10 plants 


locations were con- 


each. Planting distances were 4 ft. in the row and 4 
Fic. 1. A) Left: Tomato leaf from noninoculated 
plant produced internally browned fruit. Right: Leaf 
duce internally browned fruit. B) Immature 

transversely cut normal fruit. Right 


transversely. Left: Normal fruit. Right 


of tobacco mosaic virus 


control, 
from a plant inoculated 70 days previously: 
tomato fruit from noninoculated and inoculated plants. 
Whole and transversely cut fruit showing internal browning. C) Fruit serially sliced 
Fruit from plant inoculated 20 days previously with an internal browning isolate 
Note that browning is restricted to the pericarp wall and is most pronounced at the stem end 
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ft. between rows. Guard rows or blank rows provided 
breaks between plots. Lime, commercial fertilizer, and 
used at the rates recommended for 


manure were 


tomato production; the amounts necessary were de- 


termined by soil tests. Exceptions to this were 2 


sepa- 
rate experiments conducted at Carversville to deter- 
mine whether a correlation existed between incidence 
of the disease and rates of fertilization. Southern field- 
grown plants of the variety Rutgers and greenhouse- 
grown plants used in the variety tests were obtained 
from the Campbell Soup Farm at Riverton, New Jer- 
sey, and were used extensively in the experiments at 
Carversville. Most plants used at University Park were 
greenhouse grown. 

Plants in the field were usually inoculated by rub- 
bing several lower leaflets with a gauze pad soaked in 
crude juice extracts containing the virus being tested. 
In 1955, a majority of the plants were inoculated hypo- 
dermically. In such cases, one of the lowest hands of 
fruit was selected and the main peduncle pierced with 
the needle. One drop of juice was left at the site of 
injury as the needle was withdrawn from the tissue. 
Other inoculations were made by dipping the fingers 
in infectious juice and then rubbing them lightly along 
the main and lateral stems of plants. The same inocu- 
lation techniques were used in experiments in the 
greenhouse. 

Field records, taken on an individual-plant basis, 
were started soon after transplanting and were con- 
tinued at regular intervals, usually every 2 weeks, un- 
til the final 
browning were made the first or second week in Sep- 


observations on incidence of internal 


tember. Notes were taken on occurrence and spread 
of mosaic; insect activities; and leaf twisting. cupping, 
or other observable abnormalities. At final observa- 
tion, each plant was examined carefully for fruit and 
foliage symptoms, and at least 3 fruit were selected at 
random and cut; in 1955, all fruit from each plant in 
the inoculation plots at University Park were cut. 

In studies in the greenhouse on isolation and identi- 
fication of the virus, young plants of Vicotiana taba- 
cum L. Havana 38 and Havana 423, \. 
lL... and \. glutinosa L. were used most frequently as 


sylvestris Speg. & Comes and V. plum- 


vars. rustica 
test plants. V. 
baginifolia Viv. also were used extensively. Experi- 
ments to reproduce the internal browning symptom in 
tomato were made with plants of the variety Rutgers, 
grown in 9-in. clay pots filled with top soil to which 


humus and complete fertilizer were added. Care to 


Leaf from plant inoculated 20 days previously; 
plant did not pro 
Left: Whole and 


Center: 
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prevent chance spread of tobacco mosaic virus was 


exercised in all contacts with the plants, e.g. staking, 


pollinating. and watering, since the internal browning 


jsolates do not cause readily recognizable foliage 


in the greenhouse. Be- 


tested for the 


symptoms in tomatoes grown 


fore the plants were used, they were 
presence of tobacco mosaic virus and discarded unless 
applica- 


healthy. Usually, plants were given several 


tions of soluble fertilizer of the analvsis 15-30-30 at 
2-week intervals, beginning at first fruit set. 

Experiments in field plots in area where 
Phe 
toms of internal browning have been described care- 
fully by 


1952 through 


RESULTS. 


the disease is endemic.—1) Symptoms. symp- 


Haenseler (4), and observations made from 
1955 in the 


\ point ot differenc c between observa- 


present study were mostly 
corroborative. 
tions made by Haenseler and those made in this study 
centers around foliage symptoms. Haenseler reported 
that no consistent foliage symptom seemed to be as- 
sociated with the disease. In this study, in which in- 
dividual plants were observed at regular intervals, the 
production of internally browned fruit was associated 
with a definite foliage symptom picture. 

\ negative correlation between the early appearance 
symptoms and the ultimate production of 

1952. 

ample, of 259 plants that had mosaic symptoms on or 
August 13. 


of mosak 


internally browned fruit was noted in For ex- 


before only 43 were producing internally 
browned fruit on September 11. Of 226 plants that 
August 13, 116 


ducing internally browned fruit on September 11, and 


were healthy on however, were pro- 


the terminal foliage of the majority of these plants 
mottled (Fig. 1. A). 


substantiated in later 


was slightly chlorotic o1 These 


observations were experiments, 
and this chlorotic symptom was found to be associated 
consistently with the production of internally browned 
fruit: in rare cases, however, affected fruit were pro 
duced on plants without foliage symptoms. 

2) Absence of internal browning in fruit of plants 
when with tobacco mosaic virus. 


noc ulated young 


In 1953, tomato plants were inoculated with 2 different 
isolates of the common strain of tobacco mosaic virus 
as soon as they became established in the field follow- 
foliage 


ing transplanting. All 80 plants expressed 


symptoms of mosaic within 3 weeks after inoculation. 
Internal browning occurred in none of 40 plants inocu- 
lated with one isolate and in only 2 of the 40 plants 
inoculated with the other isolate. Eighty plants served 
as noninoculated controls; prior to transplanting, 40 
of these were field-grown plants from southern states 
and 40 were greenhouse-grown plants from University 
Park. 
in inoculated plants in adjacent plots, a large 
of the infected 

mosaic Although 


cidence of internal browning in these control plots 


Because of the presence of much early mosaik 
number 
had 


the in- 


control plants also became and 


symptoms by midsummer. 


»2 f 


was lower than the field average. 23 of the 80 plants 


produced internally browned fruits. This experiment 


was repeated in 1954 with different virus isolates and 


with essentially the same result. These experiments 


OF TOMATO INTERNAI 


BROW NING 


203 


strongly suggested that early infection with tobacco 
mosaic virus somehow prevents the subsequent devel- 
opment of internal browning and that the disease may 
result from late infections. 

3) ‘Absence of internal browning in fruit of plants 
vegetatively propagated from plants that had produced 
internally browned fruit.—At the end of the 1953 sea- 
son, cuttings were taken from a number of plants that 
had produced internally browned fruit. These cuttings 


were rooted and planted in the greenhouse for obser- 


vation and to provide cuttings from which plants 
would be grown to set in the field in 1954. Although 
all plants expressed foliage symptoms of mosaic, only 


normal fruit were produced in the greenhouse, and all 
the fruit 165 propagated 
plants in the field in 1954 were normal. In the same 
field. 46 of 160 originally healthy control plants pro- 


produced by vegetatively 


duced internally browned fruit. 


1) Lack o} 


application and internal browning. 


correlation between rate of fertilizer 


Two experiments 
whether a correlation 


conducted to determine 


existed between the rates or ratios of fertilization and 


were 


the incidence of internal browning. 

In 1952, there were no statistically significant differ- 
ences in incidence of internal browning among plots 
fertilized with a 5-10-10 commercial fertilizer at the 
rates of 400, 800, or 1600 lb. per acre. 

In 1953. there were no statistically significant differ- 
ences in the incidence of internal browning between 


the plots fertilized at the rates of 400 and 1600 lb. of 


5-15-15 fertilizer per acre, with and without equal 
amounts of either high-calcium or high-magnesium 
lime. The incidence of internal browning in_ these 


plots ranged from 50 to 70 per cent, not significantly 
different statistically 
1952 the 


were different. 


from the incidence recorded in 


when ratios of phosphorus and potassium 


5) Lac L ot correlation between spray S¢ hedule and 
late 


blight in tomato plantings during the 1946 through 


internal browning.Widespread epiphytotics of 


1948 seasons aroused a general interest in a chemical 
control for this disease and resulted in the acceptance 
of a spray program as a requirement for growing this 
crop. The occurrence of internal browning at about 
the same time that this practice was becoming wide- 
spread prompted the question of a possible relation- 
ship between the disease and spray applications 

\ preliminary experiment to check the possible in- 


fluence of different fungicides on the incidence of in- 


ternal browning was conducted in 1953. The report 
by Weintraub et al (13) that zinc had an inhibitory 
effect on tobacco mosaic virus suggested the desir- 
ability of including a material formulated with zine. 


Because of availability, fixed copper (Tennessee tri- 
basi (76 
per cent ferric dimethyldithiocarbamate) and Dithane 
2-78 
were used with and without parathion (O-O-diethyl-O- 
July 10, a 
The 


copper sulfate, 53 per cent Cu); Fermate 


(65 per cent zine ethylene bisdithiocarbamate ) 


p-nitrophenyl thiophosphate Beginning 


lay intervals were applied 


total of 5 sprays at 10 
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*) 


parathion was omitted from the last 2 sprays 


The plots sprayed with fixed copper alone had sig- 
did 
sprayed with Fermate Dithane 
Z-78 and parathion, or with Dithane 7-78 alone (Table 


1). The incidence of mosai 


nificantly less internal browning than those 


and parathion, with 
was high, however, in the 
this 


ship of high mosaic and low internal browning or of 


plots sprayed with fixed copper alone; relation- 


mosalt 
rhe 


copper as a dust or spray was used extensively as the 


high internal browning and low was operative 


in all plots in this experiment fact that fixed 
fungicide in all other experiments at Carversville and 
that the 

| 


these experiments suggests tl 


incidence of internal browning was high in 


it factors other than 


copper were responsible for the results in the spray 
experiment. 
Although it originally had been planned to check 


the effect of other chemicals on the incidence of in- 
ternal browning 
disease in Dr. W. S 


Park in 1953 caused a modification of plans 


at Carversville. the occurrence of the 


Beach’s spray plots at University 


An ovVver- 


all field average of 28 per cent internal browning was 


recorded in plots sprayed 6 times with the following 


materials: dimethyldithio- 


Zerlate (76 per cent zine 
carbamate) and Manzate (70 per cent manganous 
ethylenebis| dithiocarbamate split schedule; Zerlate 
plus fixed copper (Tennessee tribasic copper sulfate, 
53 per cent Cu); Manzate plus fixed copper; Nu-Iron 


(30 per cent iron); Nu-lron plus Zerlate plus fixed 
copper; Orthocide 406 (50 per cent \-(trichloro- 
methylthio)-4-cyclohexene-1.2-dicarboximide); Vancide 
7-65 (65 per cent zinc dimethyldithiocarbamate and 
zinc derivative of 2-mercaptobenzothiazole):; Zerlate 


cent disodium ethylenebis- 


and Dithane D-14 
| dithiocarbamate 


{ 19 per 


) split schedule. Internal browning 


also recorded in the control 
These 


used as fungicides on tomatoes 


was i sprayed plots. 


observations suggest that the chemicals often 


ive 


do not in themselves 
play a direct role in the internal browning disease, 


6) Varietal susceptibility No critical study of 
TABLE l. Incidence of nterna hrowning at Carversville 
in plots sprave f with sever flerent che micals 

No. of plants with no symptoms, 
with nternal browning (IB). 
with mosaic, and with both IB 
and n il 
No IB Mosaic IBand 
Treatment symp s only only mosaic 
Fermate, 2-100 15 12 6 
Fermate + parathion, 

2-2-100 6 4 6 } 
Dithane Z-78, 2-100 | 3 fy 7 
Dithane Z-78 varathior 

t 

2-2-100 } 4 9) ; 
Fixed copper, 2 100 fy 10 17 5 
Fixed copper parathior 

2-2-100 15 10 Q 

* Figures following names of fung es indicate the num 
ber of pounds of each, respect sed for each 100 ga 


of spray. 
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varietal susceptibility was made; however, under 
natural endemic conditions, internally browned fruits 
were produced by the following varieties: Brookston, 


Stokes Cross 


W isconsin 


No. 1, Urbana, John Baer, Red Bird, 
55, Keystate, Indiana Baltimore, and Jubi- 
lee. Two mosaic-resistant accession numbers also pro- 
fruit, but 
plants proved the presence of tobacco mosaic 


duced internally browned inoculations to 
test 
virus. The incidence of internal browning ranged from 
59.9 per cent in the variety Brookston to 6.6 per cent 
in the variety Jubilee. 

7) Stabilized annual incidence of internal brown- 
ing irrespective of weather conditions.—A wide range 
of weather conditions occurred during the summers of 
1952 through 1955 but the incidence of the disease 
(based on percentage of plants producing internally 
fruit) at 


stable. No 


perature were made in the field, but weather stations 


browned Carversville was found to remain 


rather measurements of rainfall or tem- 
located at Quakertown and Doylestown were only a 


Marked 


from the 


few miles away from the experimental plots. 
the 
daily readings of temperature (Quakertown) and rain- 
fall 


Data of Pennsylvania” are as follows. In 


deviations from normal as_ indicated 
(Doylestown) and published in “Climatological 
1952, June 
was warm and dry; it was the second dryest June on 
record in the State. July was dry until rains came on 
the 8th to 10th. 


and In 1954, rainfall during June was 75 per 


In 1953, June and July were warm 
dry. 
cent of normal, and July had only 55 per cent normal 
1955, 


hottest July on record and the second hottest 


rainfall. In June was cool followed by the 


August 
August, 


on record. Torrential rains also occurred in 


making it the wettest August on record. These data 
suggest that the occurrence of internal browning is 
not dependent upon environmental extremes of tem- 
perature or moisture, 


Experiments in the greenhouse.—1) Isolation and 
identification of tobacco mosaic virus strains from in- 
ternally browned fruit and from weeds.—In hundreds 
of inoculations, tobacco mosaic virus was always trans- 
Vicotiana 


mitted from internally browned fruit to the 


species used as indicator plants. V. tabacum var. 
Havana 38 and \. rustica became systemically infected 
Only 


veloped on the inoculated leaves of V. 


with little or no leaf distortion. local lesions de- 


tabacum var. 


Havana 423, \. glutinosa, N. plumbaginifolia, and N. 


sylvestris. Antiserum prepared by injecting a rabbit 


with a known typical strain of tobacco mosaic virus 


gave a positive precipitin reaction when used with 


test sap prepared from internally browned tomato. 


Electron microscope studies of partially purified sap 


from internally browned tomato revealed only par- 


ticles of a size and shape similar to those regarded as 
typical of tobacco mosaic virus. 

Large numbers of inoculations. made to identify 
possible weed host reservoirs, proved that a high per- 
centage of plants of Solanum carolinense L. (horse 


nettle) were infected with tobacco mosaic virus. Sev- 


eral surveys around and in the tomato plots at Carvers- 
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ville each year, at which time hundreds of horse nettle 
plants were observed, indicated a natural infection of 
near 40 per cent in this weed host (based on foliage 
symptoms). Numerous inoculations to tobacco also 
proved a high percentage of Ambrosia artemisiifolia 
L. to be infected. Tobacco mosaic virus was trans- 
mitted from only a small percentage of many plantain 
plants tested, primarily of the species Plantago rugelii 
Dene. and P. lanceolata L. These results suggest that 
plant species other than plantain may be important as 
reservoirs of tobacco mosaic virus in areas where the 
internal browning disease is endemic. 

2) Experimental production of internal browning 
by inoculation of tomato.—Available greenhouse space 
sharply limited the number of plants that could be 
inoculated at 1 time; however, several points were 
von established concerning the etiology of the disease. 
Of 96 plants inoculated in 2 groups of 48 on different 
occasions at the time of first flowering or before, none 
produced internally browned fruit. Twenty-four plants 
grown in soil from Carversville did not produce in- 
ternally browned fruit. Thirty-six plants propagated 
vegetatively from plants that had produced internally 
browned fruit in the field produced only normal fruit. 
In 1954. 11 of 48 plants inoculated with a tobacco 
mosaic virus isolate from internally browned fruit by 
hypodermic injection into the peduncle of the first 
hand of fruit as it approached maturity produced in- 
ternally browned fruit. In 1955, 47 of 87 plants inocu- 
lated with a tobacco mosaic virus isolate, either hyper- 
dermically or by rubbing produced internally browned 
fruit (Table 2). 


cidence of internal browning was found in the plants 


In this experiment, the highest in- 


/ 
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inoculated hypodermically. It was because of this 
observation that the majority of plants in the field 
were inoculated hypodermically in 1955. 
Experimental production of internal browning by 
inoculation of tomato in the field in area where the 
Attempts in 1952 and 1953 to 
reproduce the internal browning symptom by inocula- 


disease is not endemic. 


tion of young tomato plants (at the time of first flower- 
ing or before) with each of 10 different tobacco mosaic 
virus isolates, 5 of which were obtained from tomato 
fruit with internal browning, were unsuccessful; how- 
ever, all plants expressed foliage symptoms of mosaic. 
In 1953, a field of tomatoes separated from the inocu- 
lation plots by only a narrow roadway had a high in- 
cidence of internal browning. Transmission tests from 
a representative number of these browned fruits 
proved the presence of tobacco mosaic virus. It was 
thus established that internal browning could occur 
at University Park and that a pathogenic agent here 
also was associated with the disease. 

Since the same land was used repeatedly in the field 
inoculation experiments, it seemed desirable in 1954 
to determine whether plants could still be grown here 
free of virus, and, if free of virus, whether they would 
produce internally browned fruit. With the exception 
of 40 southern-grown plants of the Rutgers variety, 
all plants used for transplanting were greenhouse 
grown. 

Only a small number of a total of 478 plants became 
infected with tobacco mosaic virus as determined by 
observable symptoms. Six plants produced internally 
virus was isolated 


browned fruits: tobacco mosai 


from all 6. It was concluded that reservoirs of virus 


Pante 2.—Incidence of internal browning (1B) in greenhouse-grown tomato plants mechanically inoculated with any of 


} } 
several itSolates of tobacco mosaic virus 


Inoculation 


Isolate” Method Site 


IB-Tom 


Hypodermic 
first hand 


Rubbing* 2 Leaflets of 


1 old leaf 

Rubbing* Main stem 

C-IB-Tob Hypodermi 

first hand 

IB-Tob plus Hypodermic 

unidentified virus first hand 
Noninoculated control 


Both tobacco 
} 


maintained in tomato and C-IB—Tob in tobacco 


Peduncle of 


Peduncle of 


Peduncle of 


mosaic virus isolates were obtained from 


No. of days 
from 
inoculation 
to appearance 


of first IB 


Incidence 


Size of plants symptoms of 1B 
First fruit beginning 12 18/21 
to ripen 
First fruit beginning 17 8/20 
to ripen 
First fruit beginning 16 10/20 
to ripen 
First fruit beginning 14 8/13 
to ripen 
First fruit beginning 
to ripen 18 8/13 

0/98 


internally browned fruit from Carversville; C-IB-Tom was 


Numerator is number of plants with internal browning symptoms; the denominator 1s total number of .plants inocu- 


lated 


Hypodermi needle thrust into the main peduncle of fruit hand and a drop of inoculum left at the site of injury 


as the needle was withdrawn. 


‘Leaflets sprinkled with Carborundum and rubbed lightly with gauze pad soaked in ino m. 


Fingers dipped in inoculum and then rubbed lightly 


along the stem of plant 
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had not as yet become a serious problem in this field 


and that deep shade resulting from large viny plant 


growth did not in itself cause internal browning. 


In 1955, it was felt that the necessary requirements 
for producing internal browning were well understood. 
Extreme care to prevent early infection with tobacco 


mosaic virus was exercised; when the plants were in- 
oculated August 16-18, only 2 plants in one of the con- 
indicated by observable 


found effective in 


trol plots were infected as 
The 


keeping the incidence of mosaic to 


foliage symptoms. precautions 


such a low level 


were blank rows between plots, wide walkways (12 


oO! 
16 ft.) between replicates, and no handling of plants 
after transplanting was completed 

For general disease and insect control, all plots were 
sprayed 5 times with Manzate and malathion (50 per 
cent O,O-dimethyl diphosphate of diethyl 
respe tively, to LOO gal 


mercapto- 
succinate), 2 lb. and 2 pints. 
intervals, beginning 
of milk, when 


h is been recognized for 


of water, at approximately 10-day 


July 5. The virus-inactivating property 
added to crude virus extracts 
some time. In 1954, a brief editorial in a British pub 
lication, “World Crops,” repe 
trol of the spread of mosaic in 


ot milk lo see 


successful con 


greenhouse-grown to- 
matoes by timely what possi- 
ble effect milk might have 


browning, half of the plots also were sprayed 7 times 
milk, beginning 


sprays 
on the incidence of internal 
with a 10 per cent solution of whole 
June 15. The 


replicates II and III, 


spray machinery was driven between 


ind each plant was sprayed in 


dividually by an between the plots 


operator moving 


with a gun and hose 


On August 15, the day before plant inoculations produced fruit with more than a trace of internal 
were started, tissue samples from each individual browning symptoms. Since inoculations to indicator 
plant were collected by holding strip of paper be plants from tissue collected on August 16 indicated 
TABLE ; Incider e al Sele nterna browning (/B) in fie ld grown tomato plants mechanically inoculate with 

any of various isotates of I mosal rus as the first fruit were beginning to ripen 
Percentage of Percentage of Mean 
plants with No. of fruit with rating 
No. of plants internally fruit internal of fruit 

Isolate" Method Site examined browned fruit examined browning mptoms® 

C-IB-Tom Hypodern Pe st hand of f t 76 80.3 9428 6.0 ZAZ 

Rubbing Mair iteral ste i 93.5 5379 14.0 7 
C-IB-Tob Hypo lern P t hand of t 9 8.3 5690 .8 1.94 
Yellow Hvypodet ! Py é al truit ; 20.5 5753 1.3 0.47 
Ribgrass Hypoder Pe ¢ hand of tru I? 602 1.6 0.59 
W-IB Hypodermic  P ff 9 0 5089 9 0:89 
HN Hypodermi P Ist Lot fruit i4 14.9 1987 0.4 19 
Control 9 10.1 5408 0.4 0.16 

*C-IB-Tom isolate as isolate fre internally browned uit from Carversville and maintained in tomato; C-IB-Tob 
isolate same source as C-IB-1 iintained in tobacco; yellow isolate was American Type Culture Collection +8; 
Ribgrass isolate was Doolittle’s M obtained in dry tissue: W-IB isolate was isolated from internally browned fruit 
from Womelsdorf, Pa.: HN is isolated fro horsenettle from Carversville. 

"See Table 2 for description of ilation methods 

*LSD (0.05) i.3 1 ESD 10.0 3.9 per cent. 

‘Ratings based on the , : ptoms: 0) 1 symptoms: 1) 1-4 small brown spots in pericarp wall: 2) 5 to 

I I 
many scattered or coales pots in pericarp wall: 3) at least ‘to '» total area of pericarp wall browned; 
4) 4% to all of pericarp w s| iften extending into septa: 5) to all of pericarp wall brownish, observable 
externally in half of fruit nearest s 6) 44 to all of pericarp wall brownish, observable externally and extending to 
the blossom end of fruit. S rt » 3. and 4 are visible only when fruit is « near stem end, 
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the the desired foliage, 
and dropping both paper and tissue into a new polye- 


This tissue was then frozen and 


tween fingers. pinching off 
thylene freezer bag. 
stored. Subsequent inoculations to Nicotiana glutinosa 
and N. tabacum var. Havana 423 from representative 
samples indicate that with 1 exception the plants were 
free of virus at the time the inoculations were started 
on August 16. The infected symptomless plant proved 
to be a control plant located in the same plot as the 
2 plants with observable symptoms. 


Final records were started on September 6, begin- 
ning with the first plot in replicate 1, progressing plot 
by plot through the field, and ending on September 16 
with the last plot in replicate IV. Foliage symptoms, 
total number of fruit per plant, total number with 
internal browning, and the maximum rating of disease 
severity were recorded for each plant. The data from 
plots sprayed with milk were combined with those 
plots not sprayed with milk, since milk had no effect 
on incidence of internal browning. 

The incidence of internal browning was greater in 
plots where plants were inoculated with virus strains 
browned fruit than in 
where other isolates were used (Table 3). The treat- 
ment that resulted in highest percentage of plants with 


isolated from internally those 


internal browning also resulted in the highest number 
plant. the 
the 


fruit per infected 
affected 


The percentage of internally 


of internally browned 


percentage of fruit, and most 
affected fruit. 
browned fruit in the control was less than 0.5 per cent, 


fruit per in- 


highest 
severely 
and there fewer than 3 diseased 
fected plant. Only 2 of the 8 infected control plants 


were 
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that all but 1 of these controls were free of virus on 
that date, the incidence of internal browning in the 
control plants is interpreted as indicating late chance 
infection and shows the difficulty of controlling the 
spread of tobacco mosaic virus once it has been intro- 
duced in a planting of tomatoes. 

Discussion.—The ease with which tobacco mosaic 
virus can be transmitted, together with the extreme 
susceptibility of tomato to it, has made the study of 
That the in- 


ternal browning disease in Pennsylvania can be caused 


internal browning a most difficult one. 


by a strain or strains of tobacco mosaic virus has been 
demonstrated: however, the virus-host interaction 
leading to this particular symptom needs special in- 
terpretation since it seems to form the basis for a new 
principle relevant to the understanding of certain 
plant virus diseases. 

Soon after tobacco mosaic virus is introduced into 
infected. If 


infection takes place early, characteristic and recog- 


tomato, the plant becomes systemically 


nizable symptoms are observed in all subsequent 


foliage. All primordia become systemically invaded; 
as flowers and fruit are formed, the virus is also pres- 
ent in these tissues and organs. Preliminary tests in- 
dicate that when plants with maturing fruit are inocu- 
lated, 
in certain of these fruit. For example, when plants in 


restricted movement leads to virus accumulation 


the greenhouse were mechanically inoculated by stem 
rubbing at the time fruits on the first hand were pink, 
virus was recovered 10 days later from some green 


fruit on the first hand and also from the second and 
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third hands, but not from the now full red fruits of 
the first hand. A common characteristic of the internal 
browning disease is that not all fruit of any one plant 
are affected. In commercial plantings where the dis- 
ease is present, it is usual to find a high incidence of 
the disease in the second and third pickings, with but 
a scattering in subsequent pickings. 

Many plant pathologists appreciate the fact that 
plant susceptibility to virus infection may vary with 
age. The degree to which a given host reacts to a 
given virus has been shown to depend also, in part, 
upon the age of the plant at the time of infection; 
however, only rarely has it been shown that a virus 
introduced late in the life of a plant may cause 
symptoms quite unlike those caused by the same virus 
when introduced early in the life of the plant. The 
experiments reported in this paper are interpreted 
as a reliable example of this phenomenon, and it is 
only on the basis of late infection that the internal 
browning disease of tomato can be explained. The 
expression of internal browning is therefore inter- 
preted as a shock reaction, coming as a direct result 
of late tobacco mosaic virus infection, with virus ac- 
cumulation in certain of the fruit where there is a 
hypersensitive response on the part of the host. 

Experiments to determine more fully the relation- 
ship of tobacco mosaic virus strains to abnormal ripen- 


ing disorders of tomato are being continued. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
THE PENNSYLVANIA STATE UNIVERSITY 
Universiry ParK, PENNSYLVANIA 


URE CITED 


U.S. Dept. Agr. Pl. Dis. Rptr. 33: 338-33y. 

8. Hotmes, F. O. 
tomato caused by strains of tobacco-mosai 
from Plantago. Phytopathology 40: 487-492. 

9. Kipson, E. B., anp D. J. Stanton. 1953. Cloud or 
vascular browning in tomatoes. New Zeal. Jour. Sci. 
Tech. Sec. A 34: 521-530. 

10. Raycuaupuurt, S. P. 
resembling internal browning of tomato under green- 
house conditions. U. S. Dept. Agr. Pl. Dis. Roptr. 
37: 220-221. 

ll. Seaton, H. L., anno G. F. Gray. 1936. Histological 
study of tissues from greenhouse tomatoes affected by 
blotchy ripening. Jour. Agr. Res. 52: 217-224. 

2. Stoner, W. N., ano W. D. Hocan. 1950. A report of 
graywall or internal browning of tomato in south 
Florida. U. S. Dept. Agr. Pl. Dis. Rptr. 34: 379 
380. 

13. Werntraus, M., J. D. Gicpatrick, anp R. S. WILLISON. 
1952. The effect of certain water-soluble compounds 
on virus infection. Phytopathology 42: 417-419, 


1950. - Internal-browning disease of 
virus 


1953. Reproduction of symptoms 





THE PATHOLOGICAL, HISTOLOGY OF THE INTERNAL BROWNING DISEASE 


OF 


THE TOMATO! 


David C. Wharton and John S. Boyle 


SUMMARY 


Abnormalities of field-grown tomato fruits af- 
fected with studied his- 


tologically by means of unstained hand sections and 


internal browning were 
stained microtome sections. 

Internally, the browning usually is 
the outer fleshy pericarp, but in severe cases it may 
extend into the septa and central column. This dis- 
coloration from the stem end of 
the fruit fleshy parenchy- 
matous It often is accompanied by a 
lapse of the large thin-walled parenchyma cells and 
bundles. 


confined to 


radiates 
restricted to the 


usually 
and is 


tissue. col- 


is most severe midway between vascular 


Neither the vascular tissue nor the adjacent small 
parenchyma cells appear to be affected. 

The cytoplasm of many affected 
particulate nature, and although nuclei are some- 


cells is of a 


times present in the uncollapsed discolored cells 
they are absent in the collapsed cells. 

Structural abnormalities similar to those de- 
scribed above were not found in fruits from plants 
with ordinary tobacco mosaic nor in symptomless 
fruits, even those from plants that produced some 


internally browned fruits. 





Investigations of the histology of tomato fruits with 


symptoms resembling those of internal browning have 
been reported. Gardner (5) found that tomato fruits 
otten accompanied 


Cobb (4) 


malformations of to- 


affected by greenhouse streak are 
by necrosis, hyperplasia, and adhesions; 
described internal and external 
mato fruits affected by a disease that he called rosette: 
and Brittlebank 


associated with spotted 


(2, 3) reported that brownish lesions 
wilt sometimes extend deep 


into the fruit. Seaton and Gray (7) studied blotchy 
ripening, a disease of greenhouse tomatoes, and found 
that there is a breakdown of the parenchyma tissue 
adjacent to the vascular bundles of the maturing ovary 
wall of affected that the bundles 


associated with the affected parenchyma are unaffected 


fruits but vascular 


in almost every case. They reported, however, that 
this disease is initiated only a few days before ripen- 
ing. Bewley and White (1 investigating blotchy 


ripening, reported that this condition may be accom- 
panied by a necrosis of the vascular bundles of the 
the 
breakdown of adjacent 
that the vascular bundles appear to be “thicker” than 


fruit and by formation of canals caused by a 


tissues. They observed also 


those of healthy fruits 
EXTERNAI 
symptoms of tomato fruits with internal browning vary 


AND INTERNAI SYMPTOMS. External 


with the stage of maturity of the fruits. In small im- 


mature fruits, the disease is not usually evident unless 
the fruits are cut open. When external symptoms are 


present, however, they appear as large brown to 


brownish-gray areas that usually radiate from the stem 
most prominent near the shoulder of the 
ip to “4 of the 


end and are 
These 


surface. In 


involve fruit 


fruit. areas may 


most there is no sharp line of 


cases, 


1 Accepted for publication Octo! 
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and Plant Pathology, Pennsylvania 
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The phases of work reported here were supported in 
part by a research grant from The Campbell Soup Com. 
pany. 


1956. 

Department of Botany 
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eT 15. 


State 


publication 


Series 


demarcation between discolored and normal green 


areas on the fruit surface. The external symptoms are 
more general in older fruits. In a few cases, fruits 
with no external discoloration have shown mild inter- 
As the fruits 
enlarge, the discolored areas also enlarge, but the 


nal browning when they were cut open. 


ratio of the areas involved to the size of the fruit does 
not appear to change. At this stage of maturity, the 
surface near the shoulders is sometimes characterized 
by sunken areas parallel to the fruit axis. 

Symptoms in red-ripe fruits vary from a slight yel- 
lowing along or below the shoulder to large discolored 
areas similar in size to those on older green fruits. 
These areas usually radiate from the stem end. In 
most cases, the affected areas are yellow and blend 
into the red of the normal area. Often the yellow color 


is accompanied by green discolorations. and in severe 


cases the brown is visible through the epidermis. 
Sunken areas near the shoulders of ripe fruits are 


often present. 
Haensler (6) 
affected with internal browning were smaller in diam- 


reported that the pedicels of fruits 


eter than normal. In the present study, however. such 
a correlation could not be established, for the variation 
in pedicel diameter of unaffected fruits appears to be 
as great as that of affected fruits. There is a tendency. 
however, for internally browned fruits to drop. 
HISTOLOGICAL Histological 
tomato fruits affected with the internal browning dis- 


STUDIES. studies of 
ease were initiated to provide a basis for a better un- 
the deter- 
mine the extent of tissue involvement. 


derstanding of internal symptoms and to 


Diseased tomato fruits of the variety Rutgers were 


collected at various stages of ripening when showing 


varying degrees of internal browning symptoms. Nor- 
mal-appearing fruits were collected from healthy 


plants. from those with typical symptoms of tobacco 
mosaic, and from plants that also had produced some 
fruits with internal browning. 

Hand and 
The material for the latter was killed and fixed 
the n-butyl 


permanent sections of fresh fruits were 


made 
in formalin-aceto-alcohol, dehydrated by 
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Fic. 1. Diagramatic cross section of a tomato fruit. 


alcohol method, and imbedded in “Fisher Tissuemat.” 
Two staining methods were employed, one involving 
the use of safranin O and fast green and the other 
Delafield’s hematoxylin. 

In mild cases of internal browning, necrosis is con- 
fined to a small section of the outer pericarp (See 
Figure 1 for explanation of terms). This is usually 
near the stem end and is associated with, although not 
involving, a vascular bundle. In more severe cases, as 
much as %4 of the pericarp may be discolored and 
necrotic. The browning invariably has its origin at 
the stem end and radiates through the fleshy portion 
of the outer pericarp (Fig. 2, B). In severe cases, 
necrosis may reach the stylar end of the fruit; in 
many instances, it extends from the outer locular wall 
into the septa and the central column (Fig. 2, A). The 
necrotic tissue is tough and corky in texture. 

The most noticeable internal disturbance in affected 
tomato fruits is a discoloration and a collapse of the 
large thin-walled parenchymatous cells of the pericarp 
(Fig. 4. B). The walls of affected cells have a strong 
affinity for the safranin dye, a characteristic of many 
diseased tissues. The degeneration of this tissue does 
not occur in isolated cells but involves areas of varying 
size. Cell collapse usually is found surrounding a 
vascular bundle but remains 4 or 5 cells away from 
the bundle itself (Fig. 3, B, D). The necrotic areas 
surrounding the bundles often are joined by strands of 
collapsed cells; in the outer fleshy pericarp these 
strands usually are found parallel to the fruit surface, 
although in some cases they may branch into the 
septa. In some fruits, the necrotic and collapsed tissue 
lies midway between adjacent bundles. The discolora- 
tion often branches out from the collapsed area into 
a region of apparently healthy tissue. Collapse of 
these parenchymatous cells creates large cavities (Fig. 
3, D. 4, B) ; such cavities in the outer locular wall are 
responsible for the sunken areas on the surface of the 
fruit. Since the larger cavities are found near the 
shoulder, the sunken areas are more pronounced there. 

The area adjacent to the peduncle attachment is 
composed of smaller parenchyma cells that are strong- 
er than the large thin-walled cells of the outer fleshy 
pericarp. Longitudinal sections of the fruit reveal 
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Fic. 2. Sections of immature internally browned tomato 
fruits. A) Transverse section showing affected tissue of 


4 


outer fleshy pericarp and septa. ( 1). B) Longitudinal 
section with browning in the outer fleshy pericarp extend- 
ing from the stem to stylar end. (* 1). 


that the necrosis approaches this area but does not 
extend into it. 

Although the vascular bundles of many fruits ap- 
pear discolored under gross observation, microscopic 
examination indicates that they are not necrotic (Fig. 
1, A). In some cases, tissue discoloration and collapse 
approach a bundle; in no instance, however, does a 
vascular bundle appear to be affected. There is no 
statistically significant difference between the bundle 


diameters of diseased and healthy fruits. 
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The cytoplasm of affected cells becomes particulate 4, C, D). Eventually, the nuclei degenerate into a 
and is characterized by its affinity for safranin (Fig. granular mass that is indistinguishable from the other 



































Fic. 3. Tomato pericarp tiss \) Longitudinal view of structurally unaffected vascular tissue with diseased parenchyma 
on either side. (150). B) Longitudinal section showing discolored and collapsed parenchymatous tissue immediately 
under the skin. (25). C) Affected parenchyma with discolored and distorted cell walls and particulate cell contents. 
(x70). D) Discolored cell walls and particles. | 500). 
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Fic. 4. Tomato pericarp tissue. A) Transverse section tirough a healthy fruit showing a vascular bundle and sur- 
rounding parenchyma. (70). B) Transverse section of a diseased fruit with a vas ular bundle surrounded by necrotic 
parenchymatous tissue. (70). C) Longitudinal section from a healthy fruit. (60). D) Longitudinal section show 
ing the collapse and discoloration of parenchyma and the formation of large cavities surrounding a vascular bundle. 
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many cases, the cell walls become 


Fruits from plants known 


cell contents. In 
disorganized and collapse. 
to be affected by tobacco mosai 
mal fruits from plants that also produced internally 
cellular discolora- 


and apparently nor- 


browned fruits do not show similar 


tion or collapse. 

Discussion .—Tissue char- 
acteristic of the Micro- 
scopic studies show that this browning is manifest in 


discoloration is a major 


internal browning disease. 
the walls of affected cells. 
The discoloration of the the 


the cytoplasm of 


walls may follow 


cell 


however. since 


death of these cells; 
many cells with discolored walls does not appear to 
have disintegrated, it would seem that death is not 
always a prerequisite to cell-wall browning. It is pos- 
sible that browning comes as a result of a change in 
the composition of the cell wall either by a chemical 
materials. A chemical 


the 


reaction or by absorption of 


analysis would be necessary to determine exact 


nature of the affected cell walls 
The collapse of the parenchymatous tissue of the 
the 


because 


pericarp in internal browning could be due to 


fact that the cells in this tissue are delicate 
of their large size and thin walls. Thus, 
of pressure that they can withstand before collapsing 


the amount 


is probably very slight, particularly when they are 

diseased. The pressure brought about by normal 

growth processes could then be sufficient to bring 

about this collapse. The cells midway between vascu- 

lar bundles, being larger and having less support than 
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cells closer to the bundles, are more easily affected by 
pressures. Their position and size probably accounts 
for the collapse of parenchyma 4 or 5 cells away from 
the vascular bundles, whereas cells adjacent to the 
bundles remain unaffected structurally. Why the walls 
of the smaller cells surrounding the vascular bundles 
and those adjacent to the peduncle attachment should 
not be discolored remains an unanswered question. 
It is apparent that chemical and physiological changes 
accompany or precede the browning and collapse of 
the Evidently there is some change in the 
enzyme-catalyzed reactions that the normal 
physiological processes of the fruit, resulting in the 


tissues. 


upsets 


characteristic symptoms. 

The yellow discolorations on the surface of the dis- 
eased ripe fruits are caused by the failure of lycopene 
to develop in these areas. There are 2 possible ex- 
planations for this lycopene failure: 1) 
diffuse away from the browned area and inhibit lyco- 
pene formation, 2) collapsed tissue may interfere with 
the normal that are 
necessary for the production of lycopene. The yellow 


substances 


translocation of metabolites 
color of the blotches is due to carotenoid pigments that 
have been present in the fruit since early in its devel- 
opment but that previously were masked by chloro- 
phyll. 
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A STEMPHYLIUM DISEASE OF LADINO WHITE CLOVER! 
J. H. Graham ? 


SUMMARY 


\ foliar disease of Ladino white clover is de- 
scribed and the causal agent identified as Stem- 
phylium trifolii n. sp. Conidia are light to medium 
brown, have smooth or slightly rough walls, usually 
are rounded to subacute at the tips, and have 1—4 
prominent constrictions. The optimum temperature 
for mycelial growth is 25°-30°C, for spore produc- 
tion on infected leaves 15°-19°C, for spore germi- 


nation 20°-30°C, and for infection and disease de- 
velopment near 22°C. Although the fungus is most 
pathogenic to Ladino white clover and other species 
of Trifolium, alfalfa and white sweetclover are 
moderately attacked in artificial inoculations. 
Sclerotial bodies produced by the pathogen remain 
undifferentiated. 





\ leaf disease caused by a species of Stemphylium 
has been observed in central Pennsylvania since 1953 
on Ladino white clover (Trifolium repens L. var. 
Ladino), hereafter called Ladino clover. Although 
the disease has appeared each year, damage is minor. 
Lesions on leaflets in the field consist of irregular, 
light brown necrotic areas up to 6 mm across, general- 
ly marginal. Young lesions are round and may have 
a dark border. 

Under moist conditions, conidiophores and conidia 
form mostly on the margin of the lesion; later, sclero- 
tial bodies develop within the necrotic area. Conidio- 
phores arise slightly, less often in fascicles of 2 or 3: 
they are golden to dark brown, are septate, and have 
swollen tips. Although environment greatly affects 
size, conidiophores usually vary from 40-90 * 4-6u 
(to the first scar), with 3-5 septa. A conidiophore 
that has produced 1 conidium may proliferate through 
the apex to produce 1 or more additional conidia. 
Light to medium brown muriform conidia are borne 
singly, have smooth or slightly rough walls, and are 
usually rounded and subacute at the tips. The conidia 
have 1-3 (rarely 4) prominent constrictions, with mid- 
indentation generally most pronounced when 3 are 
present (Fig. 1). The spores fall within the range 


of 27-50 & 11-2lu (average 36.2 * 16.74). The 
length-width ratio varies from 2:1 to over 3:1, aver- 


aging more nearly 2:1. Germ tubes may arise from all 


or any cells. 

In nature, black subepidermal erumpent sclerotial 
bodies measuring approximately 120 1004 are pro- 
duced in the necrotic areas in the leaves. These struc- 
tures consist of a mass of undifferentiated cells with 
black outer rinds. The sclerotial bodies resemble im- 
mature perithecia but have not been induced to de- 
velop further. 


CULTURAL stTUpDIES.—The fungus grows well on the 


! Accepted for publication October 11, 1956. 
Contribution No. 149 of the U. S. Regional Pasture Re- 


search Laboratory, Field Crops Research Branch, Agri- 
cultural Research Service, U. S. Department of Agriculture, 


State College, Pa., in cooperation with the 12 Northeastern 


States. The author is indebted to Edith K. Cash, My- 


cologist, U. S. Department of Agriculture, for the prepa- 
ration of the Latin diagnosis. 


~ Plant Pathologist, Field Crops Research Branch, ARS, 


USDA. 


common laboratory media, producing conidia and 
sclerotial bodies when exposed to diffused light and 
primarily sclerotial bodies in darkness. On potato and 
maltose-yeast agar, colonies are compact and light to 
mouse-gray in color. The fungus sporulates moderate- 
ly on maltose-yeast agar, producing conidia that are 
smaller and generally less pointed, and that have 
fewer constrictions than those found in nature. Conidia 


average 25 


15« and have smooth to moderately 
rough walls. Isolates produce an orange pigment in 
the media. , 


The optimum temperature for mycelial growth was 


determined by measuring the radii of colonies on 





Fic. 1. Drawing of conidia and conidiophores of Stem- 
phylium trifolii from leaves of Ladino white clover 
i 1000). 
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potato-dextrose agar and on oatmeal agar. After 10 The only fungus that was parasitic on birdsfoot 


days, maximum growth occurred at 25°C for some 
The fungus also grew 


Ladino 


isolates and at 30° for others 
well at 20°. Isolates of 
clover were compared culturally with Pseudoplea from 


The latter produced many black peri 


Stemphylium from 


the same host. 


thecia. no conidia, and almost no aerial mycelium 


INocuLATIONS.—In 4 cross-inoculation studies, seed- 
lings of Trifolium repens var. Ladino (Ladino white 


Vedicago sativa 
(birdsfoot trefoil), 


clover), T. pratense L. (red clover) 
L. (alfalfa), Lotus corniculatus | 

and Melilotus alba Dest 
inoculated with spore and mycelial suspensions of the 
rom | adino clover. 


botrvosum Wallr.. 


(white sweetclover ) were 


following fungi: the Stemphylium 


S. sarcinaeforme (Cav.) Wiltsh., S 


S. loti Graham, and S. solani Weber. For each test, 
seedlings in 2 or 3 pots were inoculated with each 
isolate and covered with plastic bags for 3 days. 

The species were not restricted to a single host 


The Stemphylium from Ladino clover pro- 


(Table 1). 


duced numerous round, light brown sunken lesions, 
usually with a medium brown border. Young lesions 
were 1-2 mm in diameter: some became enlarged 
and resembled lesions found in nature. Similar lesions 
were formed on alfalfa. although they were smaller 


usually did not be- 
dots 


Ladino clover and 
Although light 


white 


than those on 


brown necroti 


come enlarged. 


formed on leaves of sweetclover, the symptoms 


were more severe on petioles ind stems. Evidence of 
infection on red clover was inconclusive. since irregu 


lar necrotic areas usually were associated with in- 
juries on the leaves. 

dots on 
resistant-type specks 


The fur attacked 


petioles and stems of white sweetclover, causing much 
stems dark 
10 mm. On red 


S. sarcinaeforme produced reddish-brown 


Ladino clover and (superficial) 


us severe ly 


and blotches on alfalfa. 


defoliation. Lesions on leaves and were 


brown and varied in diameter from | 


clover, the natural host for the pathogen, leaves and 


petioles were readily attacked and killed. The irregu 
larly shaped leaf lesions were dark brown and varied 


from 1-10 mm across. 


S. botryosum did not infect Ladino clover and 


caused only mild symptoms on white sweetclover. On 


alfalfa, symptoms varied from small. round, brown 
lesions with dark brown borders to large concentric 
lesions. A moderate number of dark brown irregular 
lesions were formed on red clove 
TABLE 1.—Relative susceptibility* of seedlings of forage 
legumes to species of St hyliur i greenhouse 
inoculations 
Ss t Red Birdsfoot 
Fungus Ladino Alfalfa clover lover trefoil 
S. trifolii } 2 2 t! 0 
S. sarcinaeforme l | | | 0 
S. botryosum 0 { 9 0 
S. loti 0 1 { 
S. solani 0 0 0 () 


"4 Very susceptible; Lt no symptoms 


loti. Lesions on leaves, petioles, and 
5 mm, brick red te dark brown, and 
Alfalfa was mildly attacked by 
mm in 


trefoil was S. 


stems were | 
round to irregular. 
S. loti, which produced circular lesions 1-3 
diameter. The spots were light brown with a dark 
brown border. Symptoms often did not develop unless 
the leaves had been sprayed forcibly with a spore sus- 
pension of S. lott. 

S. solani was not pathogenic to any of the plants 
inoculated, but conidia were produced on injured and 
necrotic areas already present on the leaves. 
tests, Oo. 


In other inoculation 


S. callistephi, and S. floridanum failed to infect Ladino 


solani from lupine.* 


( lover. 
The following species of Trifolium were inoculated 
Ladino clover in the 


Stemphylium from 


greenhouse in 2 
T. amabile H. B. K., T. 
L.. 7. dubium Sibth., T. 
L.. T. hybridum L., T. incarnatum L.. T. 


Brot.. T. lappaceum L.., T. 


L.. and T. resupinatum L. 


with the 
alexandrinum L.. 
T. cherleri 


glomeratum 


separate tests: 7. 
angustifolium L.., 
fragiferum L.. T. 
isthmocarpum 
nigrescens Viv., T. repens 


Except for 7. dubium and some collections of T. 
hybridum, all species were susceptible. 

The optimum temperature for infection and disease 
development by the Stemphylium isolates from Ladino 


When 


temperatures, 


inoculated leaves were 
best 


Conidia germinated most rapidly 


clover was near 22°C. 
incubated at various sporulation 
occurred at 15°-19 
at temperatures from 20°-30 

IDENTIFICATION OF THE FUNGUS.—The only previous 
account in the literature of Stemphylium on 7. repens 
lists S. botryosum as a seed mold and the cause of a 
secondary leafspot.4 White clover, however, was sue- 
cessfully inoculated with S. sarcinaeforme > 

Working independently, Charles M. Leach at Ore- 
gon State College isolated the fungus here described 
1954.° 


comparable in 


from Ladino clover seed in Isolates from Ore- 


gon and were patho- 


genicity and production of conidia; however, the Ore- 


Pennsylvania 


gon isolate produced many more sclerotial bodies. 


The Stemphylium on 7. repens var. Ladino differs 


morphologically from named species on _ forage 


legumes. Conidia of the Stemphylium under study, in 
addition to being pointed at the tips, are narrower and 
have a greater length-width ratio than the sarciniform 
spores of S. sarcinaeforme, S. botryosum, and S. loti. 
The conidia also have 1, 2. or 3 distinct constrictions 


‘Wells, H. D., I. Forbes, T. E. Webb, and J. R. Edward- 
son. 1956. Two Stemphylium diseases of blue lupine. U. S. 
Dept. Agr. Pl. Dis. Rptr. 40: 803-806. 

* Weiss, F.. and Muriel J. O'Brian, 1950. Index of plant 
diseases in the United States. Part IV. Guttiferal—Phyto- 
laceaceae. U. S. Dept. Agr. Pl. Dis. Survey Spec. Publ. 1, 
Part 4: 530-806. 

* Horsfall, J. G. 1930. 
in New York. N. Y. (Cornell) 
139 p. 

® Personal communications. 


A study of meadow-crop diseases 
Agr. Exp. Sta. Mem. 130, 
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in contrast to those of the above 3 species, which have 
only a mid-constriction. 

Several species of Stemphylium with spores pointed 
or rounded at the apex have been reported on non- 
legumes. Conidia of S. solani are larger than those 
reported on Ladino clover and have only 1 constric- 
tion. In greenhouse inoculations, 1 isolate of S. solani 
produced conidia averaging 53 19x on injured areas 
on red clover leaves. S. floridanum Hannon & Weber. 
also a pathogen on tomato, has a larger length-width 
ratio than the fungus on Ladino clover, and the 
conidial walls are roughly verrucose.*? Conidia of S. 
callistephia Baker & Davis. on China aster, are very 
dark. are noticeably curved, and are larger than 
conidia of the Stemphylium from Ladino clover.® 

Because of morphological and physiological differ- 


ences. the Stemphylium on 7. repens var. Ladino is 


7 Hannon, C. T., and G. F. Weber. 1955. A leaf spot of 
tomato caused by Stemphylium floridanum sp. nov. Phyto- 


pathology 5: 11-16. 


8 Baker, K. F., and Lily H. Davis. 1950. Stemphylium 
leaf spot of China aster. Mycologia 42: 477-486. 


COMPARATIVE HOST RANGES 


to 
_ 
uw 


described as a new species, and the following name 
is proposed: 
Stemphylium trifolii sp. nov. 

Laesiones foliares pallide brunneae, irregulares, 
usque 6mm latae, plerumque marginales; hyphae 
hyalinae vel brunneae; conidiophori singuli, rare 
2—3-aggregati, obscuriores quam hyphae, cellulis 
apicalibus et basalibus inflatis 40-90 * 4-6, 3-5- 
septati; conidia pallide vel modice brunnea, glabra vel 
subasperata, apice attenuata vel subacuta, muriformia, 


constrictionibus 1-3 (rare 4) conspicuis praedita, 27 
50 & 11-2l«; corpora atra, stromatica, subepider- 
micalia, circa 100 120 in laesionibus foliaribus 


necroticis praesentia; status adcigerus ignotus. 

Hab. folia Trifolii repentis var. Ladino parasitans, 
Pennsylvania. 

Type material and a second collection have been 
deposited in The National Fungus Collections, Belts- 
ville. Maryland, and assigned numbers 71624 and 


71625. respectively ; 


U. S. Recionat Pasture Researcu LABORATORY 
State COoLLece, PENNSYLVANIA 


OF CERTAIN MECHANICALLY 


TRANSMITTED VIRUSES OF PRUNUS! 


Robert W. Fulton 


SUMMARY 


In host-range studies of 4 apparently different 
virus isolates from sour cherry, virus A infected 5] 
of 186 species tested, virus B 86 of 227, virus E 
38 of 145. and virus G 48 of 150. Numerous host- 
range differences were found. Although the 4 
viruses produced similar symptoms on cucumber, 
numerous differences were found in symptomology 
on other hosts. Many susceptible species developed 
no symptoms. 

Local-lesion hosts, suitable for infectivity assays, 


were found for all 4 viruses. Viruses A. E, and G 
incited necrotic lesions on ¢ yvamopsts tetragonoloba 
and Momordica balsamina. Virus B incited count- 
able lesions on Sesbania sp., Crotalaria spectabilis, 
and C. capensis. 

On the basis of comparative host ranges, the 4 
viruses studied appeared to be different. No evi- 
dence was found that any 1 stock culture was a 


mixture of different viruses. 





In 1948. Moore et al (5) demonstrated that a virus 
could be transmitted mechanically to cucumber from 
sour cherries affected with necrotic ringspot and other 
virus diseases. This has been confirmed by numerous 
workers. The identity of the cucumber-infecting virus 
has remained in doubt because of inability to transmit 
it from cucumber to cherry. The nearly constant as- 


sociation in cherry of this virus with the necrotic ring 


spot disease. either latent or expressed. suggests that 
Accepted for publication November 7, 1956. 
Contribution from the Wisconsin Agricultural Experi 
ment Station as a collaborator under Interregional Researc} 
Project IR-2 entitled “Viruses of fruit trees.” Appreciation 


is due Eugene Herrling for photographic assistance. 


the virus in cucumber is the cause of necrotic ringspot 
in sour cherry. 

On the contrary, several reports indicate that more 
than 1 virus may be transmissible from cherry to 
cucumber. Varney and Moore (6) reported trans- 
mitting a virus from sour cherry to tobacco and 
zinnia. Inoculum from trees containing this virus also 
infected cucumber, but not all trees yielded viruses 
that infected tobacco and zinnia as well as cucumber. 
Milbrath (4) reported transmitting a virus from sour 
cherry to cowpea. Willison and Weintraub (7, 8) have 
differentiated isolates from cherry on the basis of 
properties and severity of symptoms incited on cucum- 
ber. Thev noted that 1] isolate would infect tobacco, 
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Heinis (2). numer- 


ous sources of necrotic ringspot virus, correlated symp- 


whereas others would not. using 
tom severity in sweet cherry and peach with symptom 
differences in cucumber: he concluded that cucumber 
reflected variations in the necrotic 

Other 


herbaceous 


ringspot virus. 


previous work has indicated only limited 


viruses transmitted to 
Hobbs (3) 
reported that of 


host ranges for 


cucumber from sour cherry. reported in- 
fection of pumpkin; Boyle et al (1) 
57 species tried, only squash and cucumber became 
infected. 

In view of the possibility that several viruses might 
transmissible from cherry, host-range 
made, It 


that 


be mechanically 
isolate S was 
could he 


provide a ready means of separating and distinguish- 


comparisons of several were 


hoped that differences found would 
It was hoped also that a local-lesion 
found that could be 


vestigate factors affecting virus infectivity 


ing such viruses. 
used to in 


The 


host or hosts could be 
pres 


ent paper describes differential host ranges for 4 
Prunus viruses thought to be distinct 
MATERIALS AND METHODS.—-Four viruses from sour 


(Prunus cerasus | used, provisionally 


cherry were 

labeled A, B. E. and G. Virus A originally was ob 
tained from sour cherry affected by recurrent necroti 
ringspot and yellows; it had been maintained in 


cucumber (Cucumis sativus | Virus B. an isolate 


obtained by Varney and Moore (6) from yellows-dis- 
eased sour cherry, had been maintained in tobacco 
(Nicotiana tabacum | Preliminary results with 
these 2 isolates showed distinct differences in host 
ranges. When additional isolates were obtained from 


orchard trees, several were found that appeared to be 
different either A or B. Virus I 
from a_vyellows-affected sour 


from was obtained 


cherry tree and was 


separated from another virus thought to be a strain of 


B. Virus G was obtained from a sour cherry tree 
showing no symptoms but known to be carrying 
necrotic ringspot virus 

Species = to be tested for susceptibility were grown 
in 4-in. pots in a greenhouse at about 24° C. Plants 


were inoculated as soon as 4-6 leaves had developed, 
that 


as the cotyledons had expande d 


=(hMOT) 


(OU0- 


except most cucurbits were inoculated as 


Carborundum 
all inoculations 


mesh aluminum oxide) was used in 


Inoculum for part of the work with virus A was pre 
pared from systemically infected cucumber leaves. The 
infectivity of such preparations was quite variable, be 


ing high if leaves were extracted soon after symptoms 


appeared but low if the leaves used had shown symp 


toms for more than 4 or 5 days. Furthermore, at cer- 
tain times of the vear leaves were killed by the virus 
soon after infection, whereas at other times virus move 


ment into the leaves appeared to be restricted. A more 


consistent and more intectious source of viruses \. 


E, and (, was found to be cucumber cotyledons if used 


2 The author wishes to thank the Section of Plant Intro 
duction, U. S. of Agriculture, and numerous 


individuals for supplying seed 


Department 


PHYTOPATHOLOGY 





| Vol. 47 


within 4—7 days after inoculation. Transfers from 
chlorotic primary lesions were made at frequent in- 
tervals; this procedure maintained inoculum that com- 
pletely yellowed cucumber cotyledons with confluent 
lesions. The tendency of such cotyledons to become 
necrotic during the short days of winter was overcome 
by placing the plants under a bank of fluorescent 
lights operated to give a 20-hour day. 

Systemically infected tobacco provided reasonably 
infectious inoculum of virus B if used within a week 
symptoms appeared. Later infectivity trials 
showed that systemically infected leaves of Butternut 


squash (Cucurbita maxima Duchesne) provided more 


after 


highly infectious inoculum than did either cucumber 
or tobacco. 

Extracts were prepared by grinding infected cotyle- 
dons or leaves in 0.03 M sodium phosphate buffer to 
give dilutions of about 1:5. For viruses A, E, and G, 
pH 8.0 buffer was used; for virus B, pH 8.7 was used. 
that 


concentration 


showed greatest infec- 
this 


these pH levels. Inoculations were made by gentle rub- 


Infectivity measurements 


tivity was obtained with and at 


bing with cheesecloth pads saturated with infectious 


extracts. Inoculated leaves were not rinsed. 


Ten to 14 
made from each species back to cucumber to deter- 


days after inoculation. transfers were 


mine whether infection had been obtained. If no 
systemic symptoms had developed, transfers were 
made, in most cases, from inoculated leaves. If virus 
was recovered, transfers were then made from non- 


inoculated upper leaves of the same plants to deter- 
mine whether the virus had become systemic. 

After differential hosts were found, they were used 
to check the identity of viruses reisolated from a num- 


ber of hosts, particularly those susceptible to more 


than 1 virus. 
RresuLTs._-Species found susceptible to 1 or more 
of the 4 viruses are listed in Table 1, with the type 


“mosaic” here in- 


The 


cludes symptoms ranging from mild mottles to the 


of symptom indicated. term 


severe distortion and stunting typical of infected 


cucumber. In many of the hosts no symptoms were 
incited, and virus was recovered only from the inocu- 
lated leaves. Zinnia, for example, developed systemic 
symptoms only when infected with virus B. Since virus 
G infected zinnia locally, a separation of virus B from 
G would be possible if transfers were made from 
systemically infected leaves. 

More than half the 


recorded in Table 1 are based on 2-6 negative trials. 


instances of insusceptibility 
Most species for which only | trial was run were those 
of which only 1 or 2 of several plants had become in- 
fected with another virus. Repeated trials with these 
might have resulted in infection by some of the other 
viruses. [t was thought, however, that a species would 
not be particularly useful as a differential host unless 
infection could be secured readily. 

Species that appeared to be fairly easily infected 


and that differentiated between viruses were retested 





rom 


in- 
om- 
lent 
me 
ome 
ent 


bly 
eek 
als 
nut 
ore 


ber 


TaBle l. 


Family and species 


ACANTHACEAE 
Thunbergia alata 
Bojer 
\ MARANTHACEAE 
Gomphrena globosa L. 
\POCYNACEAFE 
Apocynum 
androsaemifolium L. 
Vinca rosea L. 
\(SCLEPIADACEAI 
4 se leptas Syriaca & 
BORAGINACEAE 
Cynoglossum amabile 
Stapf & Drum. 
(CHENOPODIACEAE 
Chenopodium album L, 
COMPOSITAL 
Boltonia latisquama 
(ray 
Callistephus chinensis 
Nees 
Carthamus tinctorius L. 
Centaurae imperialis 
Hort. 
Helianthus annuus L. 
Lactuca sativa L. 
Solidago sp. 
Tithonia speciosa 
Hook, 
Zinnia elegans Jacq. 
ONVOLVULACEAL 
I[pomea purpurea 
(L.) Roth. 
UCURBITACEAE 
Benincasa hispida 


Cogn. 

Citrullus colocynthis 
Schrad. 
(P. I. 220778) 

C. vulgaris Schrad. 

C. vulgaris var. 
citroides Bailey 
Cucumis anguria L. 
C. dipsaceus Ehrenb. 
(P. I. 193498) 

C. ficitolia Bouche 
(P. 1. 196844) 

C. melo L. 

C. prophetarum L. 
(P. I. 193967) 

C. sativus L. 

Cucurbita maxima 
Duchesne 

(. moschata Duchesne 

( okeechobeensis 


Bailey 
( pepo Le 
Cyclanthera pedata 
Schrad., 


Echinocystis lobata 
(Michx.) T. & G. 
Lagenaria siceraria 
(Mol.) Stand. 
Luffa cylindrica (1.) 
Roen. 
Velothria pendula L. 
WV guadalupensis 
Vomordica 
balsamina L., 
WV. charantia L. 
Sicana odorifera Naud. 
Trichosanthes anguina lL. 


Reaction to indicated virus" : 


A B E G 
O C-RS O 
S.-H O O L-H 


L-H L-H L-H L-H 
H S-H O S-H 


L-H O O L-H 
H C? O O 
O 0 0 (RS) 
O L-H O O 
O L-H O 

L-H H L-H H 
M H L-H H 
L-H ( O C-RS 
L-H L-H O O 
O L-( O oO 
oO C-RS oO Oo 
O M O L-H 


O M O M? 
eg L.-( O Oo 
NI NI O O 
M M O O 
M M M M 
M M M M 
M M M M 
M M M M 
vi O L-¢ L.-( 
M \ M M 
M M M M 
M M M M 
M M M M 
M M M O 
M M? M M 
M M M M 
O M O O 
(M) (M) O (L-( 
M M M oO 
0 M M ( 
NI M NI NL 
(M) M iM) (M) 
L-( M M? M 
L-« M L- L-( 


No species infected /No. species tested 


C-—chlorotic; H——no symptoms; L—local infection only; M—mottling or mosaic; NI 
no infection; RS—ringspot; 


recove red. 


»—systemic ; symptoms 


Reactions of various species to mechanical inoculation with Prunus viruses A, B, E, and G 


Reaction to indicated virus * 


Family and species \ B E G 
LABIATAE 

Coleus blumei Benth. O L-H L-H O 

Nepeta cataria L. O S-H O O 
LEGUMINOSAE 

Astragalus rubyi M? S-H oO oO 

Cassia marylandica L. 0 0 S-H O 

C. tora L. L-RS oO S-RS  S-RS 

Crotalaria capensis 

Jacq. O NL O 
C. intermedia Kotschy L-H 0 L-H L-H 
C. mucronata Desv. O oO L-H L-H 
C. spectabilis Roth O NL O oO 
Cyamopsis tetragono- 

loba (L.) Taub. NL or ¢ oO NLor€ NLorC 
Gleditsia triacanthos L. O NI O O 
Hedysarum coronarium 

is NL? O oO NL? 
Indigofera hirsuta L. O S-C 
Velilotus alba Desr. L-H C-RS O L-H 
V. indica All. M? O 
VU. officinalis (L.) 

Lam. O M O oO 
Pisum sativum L. L-RS O O L-RS? 
Sesbania bispinosa 

(Jaeq.) Wight L-H NL L-H L-H 
S. cannabina Poir. (P. 

I. 180050) L-H NL L-H L-H 
S. cinerascens Welw. ex 

Baker (P. I. 219850) L-H NL L-H L-H 
S. exaltata (Raf.) Cory L-H NL L-H L-H 
S. sesban (L.) Merr. 

(P. I. 215608) L-H NI O 
S. speciosa Taub. (P. 

I. 219851) L-H NL L-H L-H 
S. paulensis Barb.- 

Rodr. L-H NL L-H L-H 
Trifolium repens L. L-H L-H O O 

MALVACEAE 
Gossypium hirsutum L. L-H L-H L-H O 
PLANTAGINACEAE 
Plantago virginica L. O S-( oO O 
POLEMONIACEAE 
Phlox drummondii 
Hook. O C-RS O O 
POLYGON ACEAE 
Rheum rhaponticum L O O oO L-H 
Rosac EAE 
Potentilla palustris 
(L.) Scop. ) 2) OF & 
SCROPHULARIACEAE 
{ntirrhinum majus L. L-H S-H L-H L-H 
Verbascum thapsus & 0 S.( 0 C-RS 
SOLANACEAE 
Browallia elata L. 0 S-( 
Datura stramonium L. O L-H QO 
Vicotiana benthamiana 

Domin. L-H RS L-H O 
Nicotiana tabacum L. 

(T. I. 787) L-H RS O L-H 
Vicotiana species | 18 RS or 

spp.) 4) M? {) 0 
Vierembergia hip 

pomanica Miers S-H 
Petunia hybrida Vilm. S-H M? S-H S-H 
Physalis aequata Jacq. O S-4 
Salpiglossis sinuata 

Ruiz. & Pay. oO M O 


51/186 86/227 38/145 48/150 


necrotic local lesions; O 


faint or questionable; : 2 symptoms produced, but no virus 
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several times. The best of these appe ired to be As 
clepias syriaca, Cassia tora, Citrullus vulgaris, Cro- 
talaria spectabilis, Cyamopsis tetragonoloba, Gom 
phrena globosa, Vomordica balsamina, \icotiana 
tabacum, Plantago virginica, Sesbania sp., Tithonia 


speciosa, Vinca rosea, and Zinnia elegans. Symptoms 


tithonia, and zinnia are 


incited by virus R on tobac co 


Svstemit 


symptoms i I virus B on A) Ni 
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shown in Figure 1. 

The effect of environment on symptom expression 
or on systemic movement of virus was not investigated 
except in a few instances. Since symptoms on cucum- 
ber varied somewhat with the length of day, symptoms 
on other hosts might vary from those recorded here, 
as some were tested at only 1 season. It is also possi- 





Zin nia e le £ans. 


B) Tithonia speciosa, and C) 


ina tal acum, 











on 
ted 
im- 


sms 


=S]- 


April. 1957 


ble that species that failed to develop symptoms in 
these trials might do so at a lower temperature. At 
about 15° C, however, the reactions of Asclepias 
syriaca and Nepeta cataria were the same as at 24°, 
both as regards symptoms and systemic movement of 
virus. 

Some species that did not become infected with any 
of the 4 viruses, but that have been used to differen- 


tiate other viruses, are Amaranthus retroflexus L.. 


Beta vulgaris L.. Lycopersicon esculentum Mill., 
Phaseolus vulgaris L.. Trifolium incarnatum L., Vigna 


sinensis Endl., and Vicia faba L. 
Local-lesion hosts were found for all 4 viruses. Both 
viruses A and B incited distinct lesions on water- 


Fic. 2. Local lesions incited by A) virus A and B) virus B 
spectabilis, by D) virus G on Cyamopsis tetragonoloba, by E) 


{ on Momordica balsamina. 
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melon (Citrullus vulgaris Schrad.) cotyledons. Those 
of virus A were small brown spots, which enlarged 
very slowly (Fig. 2, A). Virus B incited larger black 
lesions (Fig. 2, B), which expanded within a week to 
involve most of the cotyledon. The value of water- 
melon as an assay host was limited, since it was less 
susceptible than certain other species. 

Virus B also incited well-defined lesions on 7 species 
of Sesbania (Fig. 2, E). The expanded cotyledons, 
although small, were suitable for assays of infectivity. 
On some species, lesions became indistinct at tempera- 
tures over 24° C. Of these 7 species, S. cinerascens 
was the most suitable assay plant as it had the largest 
cotyledons and reacted with more distinct lesions at 





on watermelon cotyledons, by C) virus B on Crotalaria 
virus B on cotvledon of Sesbania exaltata, and by F) virus 
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temperatures above 24° ( 


Well-defined brown lesions neited by rus | 


on leaves of Crotalar r » € spectabilis 
(Fig. 2, C). These speci ed as assay 
hosts he« ause of t ] le] winter 


greenhouse conditions 
Viruses A, E. 


necrotic 


and G hut t 
lesions on leave é f 
Those is te i \ r (| first 


as small black rings 


gonoloba). 


by virus E were solid | r the long-da 


ditions of late spring ed y ea oft t 
3 viruses appeared as f ots. Ir 

spring, inoculated ¢ ! ager short a co 
ditions failed to develo 1 it seemed likel 
that 


produ tion, 


environment pr 


Vomordica balsami) ' ea litable assay 
host viruses A | ind ¢ ( 


paired leaves, 


tor 
small sunken spots. These ecami 
dry and did not expat 
occurred whet O nla 
After 


the first leaves wet h less susceptible 


occasionally 
inoculated. the growil ecame 
l in. long, 
Topping the plants cre 
leaves but greatly reduce 
Discussion.—The observed nges for the 4 
investigated show 1 ¢ 


that 


viruses 
apparent these cat » separate and di 
tinguish certain viruses isolated st 
Since host-range difference Wy occu! 
strains, it cannot be conclude the present data 
that each of the 4 viruses is related 
On the contrary. it does not s kely that 4 strains 
of 1 virus would shovy 

infective capacities show: 


Virus B, for example. infe peci 


. Bors, J. 8S. 3. 0 
cumber as a int 
Phytopathology 44: 

2. Heimnis, J. L. 1956. Corr =| 
actions on stone ft : I ¢ 
16: 163-167. 

3. Hopps, G. A. 1951. Ir ¢ 
mechanically trans tted f ! herr \ 
Phytopathology 41: lf 

4. Mineratu, J. A. 1953. 7 n of componen's 
the 


cur umber 


stonefruit later I x 
irom nerry 

pathology 43: 479-48 
5S. Mooar, Jj. D. J. S. B { W 
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not be infected with the other viruses. Fewer differ- 
ences were found among viruses A. E. and G. but those 


found seem sufficient to distinguish them as strains if 


not separate viruses. Future work on physical proper- 
ties and symptoms in Prunus hosts should provide 
more definite evidence on the identity of these viruses 


and their relationships. 
Viruses | | 


isolates tobacco. 


ot 
watermelon, 


from a number 


Sp.. 
nd guar reacted differently to them than to viruses A 
On 


and were selected 


he cause Se shania 
most other isolates 
the 4 


These hosts, 


basis of these hosts, 
to 


mixtures of 


or B the 


the other of 
2 of them. 
lowever, may not have been adequate to differentiate 


ill isolated. With the of differential 


hosts available, it may be possible to distinguish 


appeared similar one or viruses 
| 


studied or to be 


viruses number 
now 


1dditional viruses. 


All of the 4 viruses incited similar symptoms on 
cucumber. Symptoms incited by viruses B and E were 
milder during short days than were those incited by 
\ or G. This was reversed during late spring when 
symptoms incited by viruses A or G were the least 
severe. It was evident that cucumber did not differ- 
entiate among viruses which were readily distinguish- 
ible on other hosts. 

No evidence was obtained that the stocks of the 1 
viruses used were mixtures. For many of the differ- 
ential hosts. the identity of an infecting virus was 
checked by subinoculation to other hosts on which its 


typical reactions 


stocks consisted 


all Cases, 
of the 4 


these would have had to have 


reaction was known. In 


were obtained. Thus if any 


of a mixture of 2 viruses, 


nearly identical host ranges. different from those of 
the other 3 viruses. 
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Ter- EFFECT OF SOIL TEMPERATURE ON THE LIFE CYCLE OF THE 
lose GOLDEN NEMATODE IN HOST AND NONHOST SPECIES! 

s if Whee? 
Der- J. M. Ferris * 1?y 
‘ide 
se8 SUMMARY 

; Soil temperature had a marked effect on the life longer than 5 days caused degeneration of the 

of cycle of Heterodera rostochiensis in the 3 host nematodes that had developed. In the nonhost 

ion, species of Solanum studied; in the single nonhost — species, no development occurred at 75° or 85°, 

s A species of Solanum studied, temperature had only but at 65° a few nematodes developed beyond the 

ites a slight effect. Fewer larvae penetrated any of the inv iding second stage Histoiogical studies of + 

ses species at 85°F (294°C) than at either 65°F ne a] ws = ; ti 4 7 ; 1 diff at 
os la ve 8% sec : aterial s e ~ i 

ate (18.3°C) or 75°F (23.9°C). At 85°F, all species Whole moun Ind sec pOneE ma era 10W d difter j 

al tested reacted as nonhosts, for no larvae developed ences among the species in their reaction to the 

ial beyond the second stage in aay of them. At 65° nematode. In the host S. dulcamara, giant cells } 

ae and 75°F, however, larvae were able to complete formed and swellings were observed at the sites , 
ish the life cycle in host species but not in nonhost of infection. In the other host species, giant cells ; 

species. Eggs were formed earlier at 65° than at developed but no swellings resulted. In the non- 4 
on 75°. Development of larvae in the roots of host host S. citrullifolium, neither giant cells nor swell- 
pre species grown at 65° stopped when the soil tem- ings were observed. In any 1 species, no histo- 

by perature was raised to 85°. Periods at 85° for logical differences due to temperature were noted. 
en *. 
ast , -_ , , , 
iy \ number of species of Solanum have been tested The present paper is a description of the life cycle 
i and found to differ in susceptibility to the golden of the golden nematode in a nonhost species of 

nematode (Heterodera rostochiensis Wr.) (10). It is Solanum and in several species of Solanum that are 

{ known that golden ne matode larvae = able to pene- hosts but that vary in resistance to the nematode. The 4 
a trate roots of resistant spec les ot ‘ olanum in large development of the nematode in each species at 3 
as numbers: however, several Investigators have sug- different temperatures was studied to learn whether 
it. gested that few if any of the larvae are able “g develop the effect of temperature was similar in species differ- 

se »*21STZ $ < 7 . . . “1 . . 
ns bo exual maturity within resistant plants (2,14, 15). — jing jn susceptibility and also to find out if temperature 

ed There have been no reports on the effect of temperature might change the resistance or susceptibility of a : 
a on the development of the nematode in resistant selec- species 

f tions of Solanum, although temperature limits for 
o ' MATERIALS AND METHODs.—AII plants in these 

development of the nematode in potato (S. tuberosum , + i 7 
: ee studies were grown from seed sown in vermiculite. bi 
L.) have been established. Chitwood and Buhrer (1) ,. ; 
The seedlings were transplanted to sterile soil when d 
found that on Long Island infection could occur at a } 
ccna they were about 3 weeks old. When the seedlings were 
temperature as low as 52°F, but little or no develop- ; 4 
; about 3 in. tall, approximately 6 weeks after sowing 
ment of the nematode took place at this temperature. ie age a4 
ae of the seed, they were again transplanted, this time 
Fenwick (4) reported that development of the nema-. : in ; , 
; = ead amen. into Yo-gal. crocks containing soil that had been fumi- ; 
tode in potatoes was somewhat inhibited at 21°C and , . 
eg ae : gated with bromoethane (Edco MBX, H. W. Ridgeway, ‘ 
almost completely inhibited at 31°. At the higher oe “poe 
Pee Mickelton, N. J., 25 ml/cu. ft. of soil). When the seed- 
u- temperature, larval penetration was inhibited slightly. : , 
: lings were being transplanted to the crocks in the ; 
In a study to determine the effect of temperature and 
nd 7 , temperature tanks, a teaspoonful of cyst material was > 
drought on the viability of encysted larvae developing : : fi 
Is “le added around the roots of each plant to serve as inocu- 
on potato roots, Ferris and Mai (6) could not demon- aay ' : 
: lum. This cyst material, a mixture of cysts and organic } 
yn strate any effect that could be correlated with moisture IS, ; rt 
liti he hicl —¥ , ay oe debris separated from naturally infested soil by a y 
rs Ss é » highe 2 temperature series tha hans , 

} en ade . ug — w a ee . flotation process (9). contained approximately 100 . 

1 they used. The experiments indicated that the high ms ; Ti! , q 
: : 150 cysts (containing viable larvae) per teaspoonful. *% 
temperature itself was a retarding factor in the de- ye gs ; ; 

mn eee The host species used were Solanum tuberosum L., 
ts velopment of viable larvae. ae aie ae : 

S. dulcamara L., and S. integrifolium Poir.; the non- oe 

m . . ° ° 1" 

; ca : host was S. citrullifolium A. Br. The plants were 
1 Accepted for publication October 19, 1956. = or 2°07 
Based on a thesis presented to the Graduate School of | €Town at constant soil temperatures of 65 (18.3°C), 
Cornell University in partial fulfillment of the requirements 75°F (23.9°C), and 85°F (29.4°C). In experiments “ 
lor the degree of Doctor of Philosophy. Prof on the effect of changes in temperature, plants of A q 
“he ) ishes to e ass his 2 reciation to Profes- ; eis! : coy « 
The author wishes to express his appreciati , tuberosum were grown first in infested soil at 65°F 
sor W. F. Mai for his interest, helpful suggestions, and cages ; ‘ : 7 
guidance during this investigation. or at 85°F for various periods of time, then those at 
2Formerly Research Assistant in Plant Pathology, 65° were shifted to 85° and vice versa. Soil tempera- 
Cornell University. Present address: State Natural History tyre was controlled by placing the crocks of soil in ; 
Surve Jivisio Sec ) -d Botar anc lant ; P : 
survey I ivision, Se tion of Applied any and Plan water contained in milk coolers adapted to serve as 
Pathology, 385 Natural Resources Building, Urbana, IIli- - ea 
nois temperature tanks (5) Two banks of fluorescent 
221 f 
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Taste 1.—Total number of nematodes per root system of host and nonhost species of Solanum grown at different soil 
temperatures in sou infeste with the golden nematode * 
Days in Number of nematodes” on indicated species“ grown at indicated temperature 
infested S. citrullifolium S. tuberosum S. dulcamara S. integrifolium 
soil 65°F 75°! 85°! 65° 75°F 85°! 65°F 75°F 85°F 65°F 75°F 85°F 
7 7 6 10 ) l 30 17 23 
8 é 14 0 
9 20 0) I 2) 2 19 19 22 
10 } 0 
1] 1] 2 68 90 39 80 50 61 
14 27 28 00 100 8 27 28 10 
15 19 1] 7 
16 20 0) 100 72 39 1] 20 2 
17 | U 2 l 
18 7 f 100 100 100 7 18 12 
21 2] 23 100 82 -100 64 32 21 
22 9 $2 5) 
23 ] 0 100 9 » 100 86 50 23 
24 23 6 ) 
25 8 100 100 - 100 67 4 27 
28 12 20 93 19 37 18 
a 100 100 9g 7 
$/ 16 ) 65 29 24 18 
Fresh weight ° of roots in g£) 
Minimum 0.33 0.2 )( 0.05 0.03 G09 0.2] 0.32 0.06 0.11 0.14 
Maximum 0.62 0 0.28 0.36 0.14 0.30 0.58 0.93 0.35 0.46 1.00 
Mean 0.47 0.38 4 0.14 0.15 0.10 0.19 0.36 0.65 0.19 0.27 0.50 
‘Results from 1 experiment: re ts from other experiments were similar. 
” Each figure represents the tota ber of nematodes present on a single root system. 
© S. citrullifolium is a nonhost: tl ther species are hosts. 
. Fresh weight ot the root va ybtained at the time eac h plant was harvested. The roots were washed tree ot soil, 
blotted on paper toweling iT 7 hed 
lights, each consisting of 4 40-watt bulbs. were sus For histological studies, semipermanent whole 


pended over each tank. These lights, placed just above 


the tops of the growing plants controlled by a 


were 
time clock and were kept on for 21 hours each day 


Beginning l week after the start of each experiment, 


plants were harvested at daily intervals until the end 
of that experiment. The root these plants were 
washed free of soil. the exc: water blotted from 
them on paper towelin nd the fresh weight of the 
roots taken. The roots were killed and fixed in 
formalin-aceto-aleohol for at st 24 hours The 
nematodes in the roots were stained by means of a 


modification of the method of McBeth et al (12). In 


this modified method, the roots transferred from 
the killing-fixing fluid to dilute acid fuchsin in lacto 
phenol and kept at 50°C over: t, after which they 
were stored in clear lactophenol until thev were 
examined. All nematodes in a root system were 


ot >t} 100 nema 


dissected 


counted. \ representative 


todes (when that 


many were were 

out of each root system and pl 1 in lactophenol in 
a semipermanent slide mount. The cover slip was 
sealed with “Zut™ and the yunts examined undet 
a compound microscope The ves of the life cycle 
of the nematodes were deter ed: the criteria used 
were based on Raski’s (13) de of H. schachtii 
Schmidt. 

3 Slide-ringing compound , Bennett’s Paint Prod 


Lake City 10, 1 


ucts, Salt 





mounts were prepared from material used in the life- 
cycle studies and permanent mounts from sections cut 
from material embedded in paraffin. Samples for em- 
bedding were killed and fixed in Randolph's modified 
fluid (8) least 24 The 
were then washed in several changes of 70 per cent 
butyl 
series, and embedded in paraffin (Tissuemat m.p. 52- 
94°C, Fisher Scientific Co., Pittsburgh, Pa.). 


15 thick were cut on a Spencer rotary 


Navashin for at hours. roots 


ethanol, dehydrated with a_ tertiary alcohol 
Sections 
microtome 
and affixed to glass slides with Haupt’s adhesive. The 
slides were placed in a 1 per cent solution of celloidin 
in equal parts of absolute ethanol and ether for 5 
minutes during the staining procedure. The sections 


were stained in Delafield’s hematoxylin and counter- 


stained in 1 per cent eosin Y in 95 per cent ethanol. 
The material was then dehydrated in absolute ethanol. 


cleared in xylol. and mounted in D. P. X. mountant.* 


With H. rostochiensis. the 
before it 


EXPERIMENTAL RESULTS. 


second-stage larva is completely formed 
hatches from the egg (7). Thus, this infective second 
stage of the nematode is the earliest found in 
roots. At the and 85°F. 
second-stage larvae penetrated the roots of all species 


studied (Table 1). 


provide the inoculum, the plants were continually in 


stage 


} temperatures of 65°, 75 


Because cyst material was used to 


* The British Drug Houses, Ltd., Poole, England. 
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Tas_e 2.—Percentage of nematodes at each stage of development in roots of host species of Solanum grown at different 
soil temperatures in soil infested with the golden nematode * 


Soil 
tempera- Days in 
ture infested Second Third 
Host (°F) soil 
‘S. tuberosum 65 7 100 
y 100 
ll 45 55 
14 t 82 
16 65 
18 2 30 
21 9 26 
23 l 23 
25 5 
75 7 100 
9g i6 24 
1] 12 88 
14 14 6) 
16 30 22 
18 l 2 
21 } 18 
23 1] 24 
25 } 2] 
S. dulcamara 65 ] 100 
9 100 
1] 100 
14 64 18) 
16 23 68 
8 7 92 
21 70 12 
23 } 10 
75 7 100 
Q 100 
1] 62 38 
14 18 15 
16 14 5) 
8 16 53 
21 23 20 
23 6 22 
S. inte grifolium 65 8 100 
1] 98 2 
13 96 j 
15 89 1] 
18 42 17 
20 14 50 
22 54 ts) 
25 18 1H 
7 7 3 
75 8 100 
1] 95 > 
13 83 17 
1S 63 37 
18 100 
20 SS S 
22 5 50 
25 17 53 
27 26 10 


Percentage of nematodes” at indicated stage 


Fourth Adult Percentage 
Females Males Females Males degenerated 
12 2 
24 ll 
28 20 3 7 
1] t 3] 19 
10 13 33 20 
10 ll 49 24 l 
15 10 
28 14 6 
3. 7 ] 16 
13 } 2] 0 
19 +] 5 
6 16 $2 1] l 
9 
5] 10 
16 2 
16 } 56 } gy 
3 } 
19 
27 ; ] 
27 7 8 1] } 
32 3] 6 
1] 
6 
- 3 
$ 4 5 
i) 2 14 Q 
10 
lS 
17 } 9 
13 } } 13 


Results from 1 experiment; results from other experiments were similar. 
The whole root system of a single plant was used for each determination 


contact with infective second-stage larvae throughout 
the duration of an experiment. Therefore, early in the 
experiment, when third-stage larvae appeared, 2 or 
more stages of the nematode were usually present in 


a root system at the same time (Table 2) 


Development in S. citrullifolium, a nonhost, at 65 
75°. and 85°F.—Of the larvae that penetrated the roots 
of these plants, only a few deve loped to more advanced 
stages. Larvae that apparently had just begun to 
penetrate and that had only their heads inside the 

















roots stained well and appeared normal, Other larvae, 
which were complete lv inside the root, seemed to have 
deteriorated. The intestines of such larvae appeared 
to be vacuolated or completely ptied of stored food 
material, and the structure of the body wall layers 
of the posterior region of th itode was destroyed 
in spots Larvae in which the phenomena were ob 
served resemble those des Doncaster (2) in 
S. nigrum L. and will hereinafter be referred to as 
“degenerated,” the term he us 

Root samples ot S. citru f were taken at daily 


intervals up to 33 days follow t1 insplanting ot the 


seedlings to infested soil at » temperatures. Of 
300 larvae dissected iro oots grown at io ind 


85°. none had advanced bevond the second stage. Of 
200 larvae dissected fro the roots grown at 60 only 
3 had developed bevond the iding se ond stage. 
One of these, a_ third-stage was found in the 
roots of a plant that had be: rowing in infested soil 
at 65° for 21 days. TI ippeared normal. In 
the roots of the same lant é was another larva 
that was in the molt lead the third stage \ 
third larva in an advanced st yas found In roots 
of another plant that had el rowing in infested soil 
at 65° for 30 day | third-stage larva 
but it showed marked ructural degeneration 

Development in host spe t 65° and 75°I UT 
the host species studied, S had the largest 
total number of larvae entering the roots (Table | 
Only a few of the nematode id penetrated the 
roots were found to hb legene ted At 65 the first 
indication of degeneratior oted in the 19-day 
sample of 1 experiment and the 25-day sample of 
another At 75°. the first f nerated larvae ere 
found in the 23-day sa xperiment and i 
the 25-day sample of another experiment (Table 2 

A smaller number of la entered the roots of 
S. dulcamara (Table tl entered those of S 
tuberosum: of those that did ter, a greater propor 
tion of the former vel to to be degenerated 
(Table 2). At 65 the first d erated larvae were 
found in the 23-day samples of experiments. At 75 
the first larvae in the early stage ot de ceneration were 
found in the 26-day sample of <periment and in the 
18-day sample of anot 

Still smaller numbers of rvae entered the roots 


of S. integrifolium (Table ] 1 a large number of 
these failed to complete their life cycle and degener 
ated (Table 2). The first degenerated larvae were 
found in the 20-day sample at 65° and in the 25-day 
sample at 75 

The differences in number larvae entering the 


roots of the different pl int spe cannot be explained 


by size of root systen since the species with the 
smallest fresh weight of roots ’. fuberosun had the 
largest number of larvae enter Table | 

At a given temperature, thi t rapid development 
of the nematode was in S Table 
the early stages. the rate of deve ment In Oo d 
mara at 75° was comparable t in S. tuberosur 
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Table 3. 
Stage 


Days required* for the development oj each 
of the life cycle of the golden nematode in 
roots of 3 species of Solanum, which differ in sus- 
ceptibility, when the plants were grown at 2 different 


soil temperatures in infested soil 
Days required for development of each 
stage on the 3 species at indicated 
temperatures 
S. integri- 
S. tuberosum S. dulcamara folium 
Stace 65°F 75°F 65°F 75°F 65°F 75°F 


Second-stage 


larvae d i r =i So =a 
Second molt 9-12 8-10 12-13 10-11 10 10 
Third stage 11-13 9-]2 14 11-12 1] 1] 
Third molt 12-14 11-13 15-19 13-14 16 17 
Fourth-stage 

female 14-16 14 16-19 14-16 18 20 
Fourth molt 7-20 17-18 2] 16-18 23 23 
Adult female 18-2 18-19 23 19-2] 25 25 
Eggs infemales 25-28 28-30 33 33 
Fourth-stage 

male 14-16 14-16 18-2] 17-19 Zi 27 
Fourth molt 17-19 16-18 22 20-22 
Adult male 18-20 18-19 23 21-23 


Data obtained from single 
sive days in 2 experiments. 


Second-stage 


plants harvested on succes- 


first 
ente red the 


larvae were present at the time the 


root samples were taken; possibly they had 


roots earlier 
These stages had not developed on plant roots at the 


end of 32 days. 


at 65 \lso, development of the nematode in the 


early stages was more rapid at 75° than at 65°: how- 


ever, eggs were formed first at 65°. On S. tuberosum 


at 28, 30, and 33 days, a larger proportion of the 


mature females developing at 65° contained eggs than 


con- 


did those developing at 75° (Table 4). At the 


clusion of the experiments, the gravid females on 


S. tuberosum at 65° contained a larger number of eggs 


than did those at 75 
Development in host plant species at 85°F .—Second- 
smaller 


Of 500 larvae 


larvae penetrated the roots at 85°F in 
(Table 1). 


from the roots of the host 


stage 
numbers than at 65° or 75 
grown at 


dissected species 


85°, only 2 had developed beyond the invading second 
the 


for 13 days in 


stage. These 2 larvae found in roots of a 


plant of S. 


infested soil. 


were 
tuberosum that had grown 
Both were late second-stage larvae that 
had just begun to molt, and both were in early stages 
Most of the second-stage larvae also 
the 


nonhost 


of degeneration 
much 
the 


have been degenerating in 
the 


S. citrullifolium at all 3 temperatures. 


appeared to 


same manner as larvae in roots of 


{ppearance of species growing in soil at 65°, 75°, 


and 85°F.—A the 


species grown in infested soil in the temperature tanks 


comparison of appearance of 3 


for 16 davs showed few differences in the growth of 


the nonhost S. citrullifolium at the 3 temperatures. 
With the 2 host species, S. dulcamara and S. tuber- 


osum, the poorest growth was observed with plants 


grown at 65° (Fig. 1, A). In a comparison of the 








= 
° ‘ 


each 
le in 

Sus- 
Prent 


each 


ed 


27 1- 
im 


iS°F 


first 
the 


the 


the 
OW- 
“um 
the 
lan 
on- 


on 


nd- 
ler 
yae 

at 
nd 


in 
iat 
res 
lso 
he 


rst 





April, 1957 


Tas_e 4.—Percentage of adult females containing eggs and 
average number of eggs per female developing in 
roots of plants of 2 species of Solanum grown at 2 
soil temperatures in soil infested with the golden 


nematode 


Soil Percentage* Average no.” 
tempera- Days in of adult of eggs 


ture infested females per gravid 
Host (°F) soil with eggs female 
S. tuberosum 65 25 0,13 0.5 
28 6, 30 5,12 
30 16,75 8, 26 
33 37 17 
75 25 0,0 0,0 
28 0, 4 0,5 
30 6,0 7,0 
33 0 0 
S. dulcamara 65 28 0,0 0,0 
30 0.0 0,0 
33 14 19 
75 28 0,0 0,0 
30 0.0 0,0 
33 7 26 


‘Each number represents the percentage of adult females 
that contained eggs on a single root system; total number 
of adult females present per root system ranged from 1 to 
78. 

*Each number is the average for 1 root system. Number 
of eggs per female ranged from 1 to 40. 


appearance of 3 host species grown in the temperature 
tanks for 19 days in infested soil and in noninfested 
soil, the growth of the inoculated plants at 85° ap- 
peared comparable to that of the noninoculated plants 
at 65° and 75° (Fig. 1, B). The plants growing in the 
infested soil at 65° were stunted and yellowed. Thus 
at the temperature most favorable for its development. 
the nematode caused the greatest plant damage. Little 
plant damage was caused at 85°, where the larvae 
penetrated but did not develop. 

Development in S. tuberosum grown first at 1 
temperature, then at another.—The first root samples 


TABLE 5. 
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were taken 14 days after the seedlings were placed 
in infested soil. Only second-stage larvae were found 
in the roots of a plant maintained at 85°F for 8 days 
and then placed at 65°F for 6 days. Almost half of 
these larvae had begun to degenerate. Second-stage 
larvae and a very few larvae that were in the molt 
before the third stage were found in the roots of the 
plant that had been kept at 65° for 8 days and then 
shifted to 85° for an additional 6 days. Half of these 
nematodes were partially degenerated. 

When plants were sampled 19 days after the start 
of the experiment, no larvae were found in the roots 
of the plant that had been at 85° for 14 days and then 
changed to 65° for 5 days. In the plant that had been 
at 65° for 14 days and then at 85° for another 5 days, 
advanced larval stages were found. The most fully 
developed larva was a female that had reached the 
fourth stage; however, 1 larva in the third molt had 
begun to degenerate. 

In the samples taken 21 days after the seedlings 
were placed in infested soil, the roots of a plant kept 
8 days at 85° followed by 13 days at 65° contained 
both fourth-stage females and early fourth-stage males. 
On the roots of the plant that had been grown at 65 
for 8 days and at 85° the remaining 13 days, the most 
advanced stage that developed was a single third-stage 
larva. About half of the second-stage larvae observed 
were partially degenerated. 

In the samples taken at 26 days, the roots of the 
plant grown at 65° for 14 days followed by 12 days 
at 85° contained advanced larval stages, but nearly 
one-third of these larvae were degenerated. A large 
portion of the degenerated larvae were in the third 
stage. Other larvae on these roots had developed as 
far as fourth-stage females, and some fourth-stage males 
had begun the final molt. No degenerated larvae were 
found on the roots of the plant grown at 85° for 14 
days and then at 65° for 12 days. All of the larvae 
found in these roots were in the third stage, and some 
of these had started the molt to the fourth stage. 


Development of the golden nematode in Solanum tuberosum grown in infested soil at 65° or at 85°F for vari- 


ous periods, then at the other temperature for various periods 


Second Third 


First period Second period Total no. Pe 
of 
Temperature Days Temperature Days nematodes 
(°F) (°F) in roots 
65 8 85 6 57 100 
65 14 85 5 1] 45 
65 8 85 13 20 95 
65 14 85 12 42 17 
65 21 85° 7 51 1] 
65 21 85 12 38 
85 8 65 6 a7 100 
85 14 65 5 0 
5 8 65 13 73 5 
85 14 65 12 13 
85 21 65° 7 2 100 
85 21 65 12 10 50 


rcentage of nematodes" at indicated stage 


Fourth Adult 


Females Males Females Males degenerated 


Percentage 


50 
16 9 y 
5 50 
10 33 10 31 
16 55 2 16 82 
3 34 10 50 3 100 
40 
84 4 7 

100 
100 

50 


*The whole root system of a single plant was used for each determination. 
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TasLe 6.—Percentage of nematodes that had reached various stages of development in Solanum tuberosum grown for 
various periods in infested soil at 65°, with and without prior or subsequent periods at 85°F 


First period Second period 


Temperature Temperature Days 
(°F) Days (°F) Days at 65° * 
65 7 7/7 
85 21 65 7 7/28 
65 8 85 13 8/21 
85 14 65 12 12/26 
85 21 65 12 12/33 
85 8 65 13 13/21 
65 14 14/14 
65 14 85 5 14/19 
65 14 85 12 14/26 
65 21 21/21 
65 21 85 7 21/28 
65 21 85 12 21/33 


Numerator is number of days at 65°; denominator is 


Percentage of nematodes” at indicated stage 
Second Third Fourth Adult 
Females Males Females Males 


100 
100 
95 5 
100 
50 50 
5 84 } 7 
4 82 12 2 
15 16 9 
17 410 33 10 
9 26 1] | 31 19 
ll 16 55 2 16 
3 34 10 50 3 


total number of days plants were grown in infested soil. 


The whole root system of a single plant was used for each determination. 


On the 28th day of the experiment, 2 more plants 


were sampled. One plant had been at 65° for 21 days 
and then at 85° for 7 days. Some of the nematodes on 
its roots had developed to adult females, and there 
was also | fourth-stage male. Only a few of the larvae 
were intact; these were fourth-stage larvae and adults. 
The other plant, grown at 85° for 21 days and then at 


85° for 7 days, had only 2 second-stage larvae in its 


roots: both of these had degenerated. 

The final sampling of the plants occurred after 33 
days in infested soil. Adult females and a single adult 
male had developed on the roots of the plant held 
at 65° for 21 days followed by 12 days at 85°. Over 
half of the nematodes that had developed on the roots 
of this plant were degenerated. and the rest of them 
had started to degenerate. The roots of the plant 
grown at 85° for 2] days followed by 12 days at 65 
contained only third-stage larvae as the most advanced 
larval stage: however, all of the larvae appeared 
normal (Table 5). 

The effect of a change in temperature on the extent 
of development of the nematode is most clearly shown 
by a comparison with the development of the nema 
todes in the roots of plants grown at constant temper- 
atures. Second-stage larvae that entered the roots of 
plants grown at a constant temperature of 85° de- 
generated and did not undergo any development: 
however, larvae did develop readily at a constant 
temperature of 65°. In Table 6, the larval development 
at 7, 14, and 21 days at a constant temperature of 65 


is compared with the development at certain other of 


the temperature combinations. The length of time that 


<— 


Fic. 1.—Plants grown in temperature tanks in soil in 
Grown for 16 davs at (left to right) 65°. 75°, and 85°F in 
dle row. S. dulcamara (host): bottom row, S. tuberosum 


a plant was grown in infested soil at 65° determined 
the extent of the nematodes’ development. From the 
standpoint of extent of development, it did not matter 
whether the plants were exposed to the temperature 
of 85° before or after they were at 65 

Histological observations.—The semipermanent whole 
mounts were examined to determine when the first 
reaction by the plant could be observed. The extent 
of the disturbance in a longitudinal direction also 
could be determined from these preparations. 

Larvae that entered the nonhost S. citrullifolium 
seemed to migrate intercellularly. An amber-colored 
substance frequently marked the point of entry and 
migratory route of the nematode within the root. The 
walls of these cells did not appear to be thickened. 
Many of the larvae. especially when the plants were 
grown at the higher temperatures, had died with only 
their heads inside the root. At 65°F, where larval de- 
velopment had proceeded the furthest, the nematodes 
were never located more than 2 or 3 cells below the 
epidermis. Thus they were always at least 1 to 2 cells 
distant from the stele. The cells about the heads of 
the larvae did not appear to be more granular than 
did normal root cortex cells. 

It appeared that the second-stage larvae were able 
to penetrate closer to the stele in S. dulcamara than 
they were able to do in S. citrullifolium. In S. dulca- 
mara, there was no amber substance to indicate the 
path the larva had taken in its migration. Soon after 
the larva had entered a root, the cells about its head 
appeared more granular than did other cells of the 
root. Even at 85°F, where no development had oc- 


fested with the golden nematode and in noninfested soil. A) 
infested soil. Top row, Solanum citrullifolium (nonhost) ; mid- 
(host). B) Grown for 19 days at (left to right) 65° in nonin- 


fested soil. at 65° in infested soil, at 75° in noninfested soil, at 75° in infested soil, and at 85°F in infested soil. Top row, 


S. dulcamara (host); middle row, S. integrifolium ‘host) ; 


bottom row. S tuberosum (host). 
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curred, the cells had a granular appearance before the 
larva had degenerated. There thickening of the 
cell walls immediately about the head of the larva. 


At temperatures favorable for the nematode’s develop- 


ment, giant-cell formation started at the time of entry 
of the larva. By the time lay had developed to an 


} 


adult female, giant-cell formation often had _ pro 


gressed 0.5 mm or more beyond the point of origin 


near the head of the nematode 


In S. tuberosum, the initiatior the development of 


giant cells was much the same S. dulcamara. The 
larvae seemed to have caused little cellular disturb 
ance in their migration. Once the larvae had become 
located near the stele, there was a noticeable physi 
ologic disturbance. The cell bout the head of a 
larva had become more opaque {1 more granular in 
appearance than normal his disturbance continued 
to become more widespread until a giant-cell mass up 
to 1 mm in length became evident by the time an adult 
female had developed 

The reaction in S. int lo ippeared to be inte 
mediate in intensity to that of the nonhost and of the 
2 other host plants. There was a small amount of the 
amber-colored substance product bv the cells in con 
tact with a larva. The presence of this substance made 
it dificult to see the other changes that occurred in 
the cells about the nematode ead. It did appear 
that the dense. granular cells ty il of the giant-cell 
complex were formed 

In the sections cut fron iterial embedded in 
paraffin, the hematoxylin stained the root tissues a 
light purple, whereas the eosin stained the nematode a 
bright red; This made it possible to distinguish 
between the 2 even when only small bits of the nema 
tode were present in a sectior Internal details of the 
nematode were clearly 

In cross se tion, the appeara of an affected area 
did not differ in a given host s) s whether the plant 
was grown at 65 F or at ) ywever, there were 
differences in the reactions of t pecies 

With S. dulcamara, swelli urred on the 
roots where females had devel |. Measurement of 
transverse sections showed tvpical root might 


enlarge as much as twice il diameter Ons 


root measured 0.272 mm in an area where there wert 
no giant cells. Less than 2 irom this point. the 
diameter of the root had increased to 0.519 mm. Such 
swellings appeared to have resulted from an enlarge 
ment of the central cylinder through the formation of 
giant cells. Giant-cell development was most extensive 
in the vicinitv of the head of t ne itode 
No swellings were observed in the roots of S. t 

osum. Although the centr ( ler became almost 
completely filled with giant cells. there was no enlarge 
ment of the cylinder. In some tances, thick-walled 
giant cells extended into the cortex of the root in 
mediately in front of the nematode’s head. In many 
cases, the diameter of the fer exceeded the di 


ameter of the root upon whi e had been feeding 
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Fig. 2, A). 
In another host species examined, S. xanti Gray 
(10), giant cells were formed, but no swelling was 
observed. In this species, the giant cells occupied only 
a portion of the central cylinder (Fig. 2, B). 
Discussion.-With a given plant species, there is 
little difference between the total number of larvae 
that enter at 65°F and the number that enter at 75°, 
although a few more may enter at the lower temper- 
ature (Table 1). The total number of larvae that enter 
at 85°, however, is markedly less than the number 
that enter at the lower temperatures. In laboratory 
several workers have found that larval 
(3. 9). 


It is possible that a reduced larval hatch accounts for 


experiments 
hatching is completely inhibited at about 86 


the smaller number of larvae that penetrate at 85 


It should be noted that the number of larvae ob- 
served in any | root sample from a host species grown 
it 85° does not represent the total number of nema- 
todes that had entered. Degenerated larvae do not 
stain well and therefore cannot be located. Thus, only 
those larvae that have just entered and have not 
undergone extensive degeneration can be counted. 
Che same is true of the nematodes that enter the non- 
host at the 3 temperatures studied. With host species 
grown at 65° or 75°, any 1 root sample contains not 
only the larvae that have just entered but also the 
nematodes that entered earlier and are developing. 
foward the end of an experiment, the total number of 
nematodes present decreases, since mature males leave 
the roots and migrate into the soil and since pro- 
truding females fall off when the soil is washed from 
the roots. 

It was observed consistently that second-stage larvae 
that had entered host species growing at 85°F did not 
develop as far as the second molt. In contrast. several 
larvae in the second molt and 1 larva that had reached 
the third stage were found in the nonhost S. citrulli- 
follum growing at 65 Thus, larvae were able to 
develop further in the roots of a nonhost growing at 
65° than in any of the host species growing at 85 
however, no nematodes that had completed their life 
cycle were found on the nonhost species growing at 
any of the 3 temperatures. 

In general, the data on the effect of a change in 
temperature on the penetration and development of 
the nematode (Table 5) showed that a smaller total 
number of nematodes seemed to enter the roots if 
the period at 65° was preceded by a long period at 85 
than if the plants were placed at 65° first or if the 
period at 85 Probably the larvae 


that penetrated after the plants were placed at 65 


was only 8 days. 


or just before the plants were moved from 85° were 
the only ones to develop. It is possible that during 
a long period at 85°, many of the viable larvae left the 
cysts and either died in the soil or penetrated and 
subsequently degenerated; hence, the amount of avail- 
able inoculum after the plants were placed at 65 


would be dec reased. 
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Fic. 2 Transverse sections of infected roots. A) Root o 


containing eggs (e). Note giant cells (gc) in stele of root. 


in figure equals 0.1 mm. B) Root of S. xanti with attached female nematode (n). 


for 42 days. Bar in figure equals 0.1 mm. 


When the plants that had been exposed to 65° were 
held at 85 


degeneration in the developing nematodes resulted 


for periods longer than 5 days, extensive 


More second- and third-stage larvae appeared to have 
degenerated than fourth-stage larvae or adults. This 
could be an indication that the early larval stages are 
more susceptible than later stages to the harmful 
effects of the high temperature, or it might indicate 
only that degeneration is less readily recognized in the 
more advanced larval stages. 

It will be noted that very few degenerated nema- 
todes were counted in roots of plants that were placed 
at 65° following a period at 85° (Table 5). It is proba- 
ble that many of the larvae that entered while the 
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Solanum tuberosum with attached female nematode (n) 
Plant was grown in infested soil at 65°F for 30 days. Bar 
Plant was grown in infested soil at 75°F 


plants were at 85° began to degenerate while the 
plants were at that temperature and while the nema- 
todes were still in the second stage. By the time the 
roots were examined following a period at 65°, the 
remains of the disintegrated second-stage larvae would 
not have been detectable. 

These findings suggest possible interpretations of 
results from field and greenhouse studies on Long 
Island, especially the decrease of cyst viability in the 
field after several hot, dry summers (11). 

On August 1, 1955, soil temperatures were taken at 
the Long Island laboratory in several field plots in 
The temperatures were 
Those at the 6-in. 


which potatoes were growing 
taken at depths of 3. 6, and 9 in 
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gnificant. In 1 plot that 


depth appear particularly 


had not been irrigated and msequently had plants 
with poor vine growth, the temperature was 90 KF at 
6 in. In another plot tl d just been irrigated, the 
temperature at that dept! is 78°. Where a plot had 
been irrigated and the e growth was thick. the 
temperature was 74 It may be that during hot, dry 
summers some of the most portant effects of irriga 
tion on the development the golden nematode result 
from the action of the » I : a cooling agent The 
water itself will cool d the soil temperature 
will be reduced | Also. the plants in 
moist soil grow luxuriant! ind this growth shades 
the soil from the sun 

When susceptibility test e started in the reen 

houses in the middle of t nmer, rather than in the 

early spring, poor results f isually obtained ()n 

clear days during J nd August, temperatures in 
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the small greenhouses frequently exceed 100°F during 
the middle of the day. Although the plants receive 
more frequent watering than they do in cooler weather, 


good The 


described above show that although infection occurs at 


infection is not obtained. experiments 
a period as short as 5 
this the 


It is quite probable that at temperatures 


temperatures as high as 85 


days at temperature causes larvae to de- 
generate, 


above 85° still shorter periods of time would prove 


fatal to the developing nematodes. At such extremely 
high temperatures, the cooling effect of water evapo- 
ration is probably the 
temperature of the soil to one that permits continued 


not great enough to lower 


development of the nematodes 
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STORAGE OF LETTUCE WITH RIB DISCOLORATION ! 
Robert B. Marlatt, Joseph K. Stewart, and Bill B. Berkenkamp * 


SUMMARY 


When rib-discolored head lettuce was stored at 
37°, 47°, and 50° F, the lesions became dark brown 
and then black at all storage temperatures. Neither 
the size nor the number of lesions increased sig- 
nificantly during storage. 


Lettuce with rib discoloration was more suscepti- 
ble to decay than was normal lettuce and also had 
a greater tendency to develop symptoms of an- 


other abnormality, pink rib. 





Rib discoloration of lettuce, sometimes called rib 
blight, has been described previously.*.+° The cause 
of the disease is unknown. “No experimental data 
have been published relating to the storage behavior 
of lettuce with rib discoloration. Cox® mentioned 
briefly that the disease progresses during transit. 

This paper reports the results of study of the disease 
in stored lettuce made during the past 3 years at the 
University of Arizona Agricultural Experiment Sta- 
tion in Mesa. 

CHANGES IN LESION SIZE AND NUMBER.—In 1 experi- 
ment, all of the loose outer leaves were removed from 
80 lettuce heads with rib discoloration. One _ rib-dis- 
coloration lesion on each of the heads was marked 
with a mixture of 1 part India ink and 3 parts distilled 
water. Previous tests had shown this mixture to be 
nontoxic to the leaf. Extreme lengths and widths 
of the lesions were marked so that any changes could 
be noted, and the measurements were recorded. After 
storage for 6, 13, 20, and 25 days, the size of each 
marked lesion was again recorded. 

No significant increases in lesion length or width 
occurred during the storage periods. 

\ similar experiment was made with 20 rib-dis- 
colored lettuce heads of the Great Lakes 659 variety. 
Every lesion on 1 leaf of each head was traced with 
ink to learn if the lesions increased in number during 
storage. The cap leaf was carefully lifted, and lesions 
on an underlying, unbroken leaf were marked. The 
cap leaf prevented drying of the marked leaf. 

After storage for 8 days at 47°F, leaves were 
examined for any unmarked lesions that appeared 
during storage. No additional lesions were found. 

CHANGES IN LESION COLOR.—Before storage, most of 
the rib discoloration lesions were light brown to brown, 
and a very few were black. One lesion on each of 80 
heads was marked with ink, and the color rated as 


1 Accepted for publication October 11, 1956. 

Technical Paper No. 393, University of Arizona Agricul- 
tural Experiment Station. 

2 Respectively, Assistant Plant Pathologist, formerly As- 
sistant Horticulturist, and Research Assistant, University 
of Arizona Agricultural Experiment Station, Mesa. 

3 Bohn, G. W. 1953. The important diseases of lettuce. 
U. S. Dept. Agr. Yearbook, 1953, p. 425. 

Friedman, B. A. 1954. Brown spot complex of head 
lettuce on eastern markets. U. S. Dept. Agr. Pl. Dis. Rptr. 
38: 847-851. 

5 Cox, R. S. 1955. A preliminary report on diseases of 
lettuce in the Everglades and their control. U. S. Dept. 
Agr. Pl. Dis. Rptr. 39: 421-423. 


follows: light brown-1, dark brown-2, and black-3. 
After storage of half of the heads at 37°F and the rest 
at 47° for 6, 13, 20, and 25 days, the size and color of 
each lesion were recorded. 

After 6 days, the lesions had darkened about equally 
at both 37° and 47°. The average color rating of 
lesions on 40 heads increased from 2.47 to 2.80 at 37° 
and from 2.35 to 2.70 at 47°. The LSD (0.5) at 37° 
was 0.18 and at 47°, 0.26. Very little change was noted 
after 6 days. 

RELATION OF RIB DISCOLORATION TO PINK RIB. 
After storage for 6 days at 37° and 47°F, 80 healthy 
lettuce heads and 80 with rib discoloration were rated 
for severity of pink rib® in the following classes: 
Q-none, 1l-trace, 2-light, 3—medium, and 4-severe. 
Pink rib had become more severe in lettuce with rib 
discoloration. At 37° the average rating for healthy 
lettuce was 0.025 and for rib-discolored lettuce, 0.650 
(LSD 0.01, 0.325). At 47°, healthy heads averaged 
0.575 and rib-discolored ones, 0.900 (LSD 0.01, 0.325). 

RELATION OF RIB DISCOLORATION TO DECAY.—Eighty 
rib-discolored and 80 healthy heads, with all loose 
outer leaves removed, were stored in fiberboard car- 
tons, 10 heads per carton. Half of each kind of heads 
were placed at 37°, half at 47°F. After storage for 
6, 13. 20, and 25 days, heads were rated for bacterial 
and fungus decay as follows: 0-none, 1-trace, 2-light, 
3—medium, and 4—severe. 

After 6 and 13 days, amounts of both types of decay 
in normal and rib-discolored heads were about the 
same. After 20 days’ storage. heads with rib discolora- 
tion had significantly more bacterial decay than did 
normal heads. The average bacterial decay rating for 
normal heads was 0.175 and for rib-discolored heads, 
2.050 (LSD 0.01, 0.682). 

In order to simulate more closely commercial 
transit conditions, 49 lettuce heads with a few open, 
outer leaves were used in another experiment. Each 
head was placed in a ventilated polyethylene bag to 
avoid spread of decay from head to head. After stor- 
age at 50°F for 15 days, each head was rated for 
decay as follows: O-none, 2-slight, 3—moderate, 4- 
severe, and 5—very severe. Each leaf was then placed 
into one of 5 classes for rib discoloration and the sum 
of the ratings of all leaves on a head totaled to give a 
rating for each head. 


6 Marlatt, R. B.. and J. K. Stewart. 1956. Pink rib of 
head lettuce. U. S. Dept. Agr. Pl. Dis. Rptr. 40: 742-743. 
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The amount of decay was correiated with severity pink rib become more severe with maturity, Further- 
of rib discoloration (r = 0.3929 more, it has been reported that the extent of decay 
DISCUSSION. Although 1 liscoloration lesions do in storage is related to the maturity of the heads when 
not increase substantially in number or in size when they were harvested.’ In the present experiments, it 
heads are stored at 37° or 47°1 e quality of affected may be that the storage decay and severity of pink 


lettuce becomes 7 ; hy f | S . ; P . . 
2 oth LU . , ast rib were greater in heads with rib discoloration than 
3 other tactors: | the or the lesions becon 
lark hicl in normal heads because of the greater maturity of 
darker, which n es the e more insightly ; 
9 - the former! 
2) lettuce with rib dis ( eptibl 
to decay than healthy tt 4 pink rib symp 
toms are more severe i! red than in norma DEPARTMENT OF PLANT PATHOLOG) 
lettuce. UNIVERSITY OF ARIZONA 
A field of lettuce contair ead t different st AGRICULTURAL EXPERIMENT STATION 
. Ne ie Mes g N 
of maturity, and the healthy | 1 in the experi lesa, ARIZONA 
ments could have been s re se 
orris ) 1 ( P 955 
with rib discoloratior } i eT ons of growi! M rris, | L.. H. K. Pratt. and . L. Tucker. 1955. 
Lettuce handling and quality. Western Grower and Ship 
lettuce have indicated t t ( » Giscoloratior na ner 26 (5) 14-18 


THE MULTIPLICATION OF TOBACCO MOSAIC VIRUS IN THE PRESENCE OF CUCUMBER 
MOSAIC VIRUS OR TOBACCO RINGSPOT VIRUS IN TOBACCO! 


Carlos Garces-Orejuela and Glenn S. Pound 


st MMVEARY 





Tobacco mosai ru I tion was retarded of dilution due to host growth. 
during the early sta levelopment it Plant nutrition with high levels of nitrogen and 
plants infected wit th tobacco mosaic virus and phosphorus did not change the symptomological 
cucumber mosaic vit ta suggested that picture but resulted in an increase in_ tobacco 
cucumber mosaic vit ndire nduces an initial mosaic virus concentration in both singly and 
retardation of tobacco : ynthesis, alter doubly infected plants, as compared with plants 
ing the multiplication patter f the latter virus grown under normal nutrition. This confirmed 
Neither virus completely in ted the multiph earlier findings by other workers and supported 
cation of the othe nd the ncreased 11sease the idea that depression of synthesis of tobacco 
severity in the doubly infect ints was primarily mosaic virus is possibly due to drain of nitrogen } 
an additive effect of the 2 es in combination by cucumber mosaic virus during the early period 

A cyclic pattern of tol osaic virus con of disease development. 
centration was found the mposite-leaf samples lobacco mosaic virus concentration in composite- 
and tip-leaf samples of both singly and doubly leaf samples of plants doubly infected with tobacco 
infected plants. Since reduct n virus concentra mosaic virus and tobacco ringspot virus was found 
tion with time occurred it ibly infected plants to be greater than that in singly infected plants. 
under a rather static conditio f growth, this Inconsistent results were obtained in assays of tip 
reduction cannot be ex} ned tirely on the basis leaves. 

Plants infected wit ily retain suscept and Ross (12). Bennett reported that the presence ot 
bility to infection by other related viruses, and either tobacco mosaic virus or tobacco etch virus in 
numerous cases of field diss : heing due to virus tomato, together with the dodder latent mosaic virus, 
complexes are known. Although the interaction of | caused a marked increase in the concentration of the 
semaleted wiruece simultance fecting a given Gedder virus over that in singly infected plants. 
plant has been the subject of ee a ae Rochow and Ross (12) studied the rates of multiplica- 
sien tous shawn quantita ferences in virus Won of potato virus X in tobacco plants inoculated 


: , V | 0 s é rt i s The 
neieiiiies hetiiin desir and doubly tabettad vith both virus X and potato virus ge found that 


the ratio of the concentration of virus in doubly 


plants. The most detailed work this direction have 
: infected plants to that in comparable plants infected 
been those of Bennett Ross ind Rochow : : : , 
with virus X alone varied with the stage of the disease 
LA ) ” but that ratios up to 10:1 were obtained from leaves 
ccepted tor publication Oct 7, LY : 
Sur , at | invaded during expansion. 
upported in par Dy t rI ~ I ft . ; 
wienley of Wieconsin with fus a Seen his paper presents data on the multiplication of 
Alumni Research Foundat tobacco mosaic virus and cucumber mosaic virus when 
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GARCES-ORJUELA AND POUND: VIRUS INCREASE IN DOUBLE INFECTIONS 233 
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Fic. 1. Symptom severity in singly and doubly infected tobacco plants 15 days after inoculation with cucumber mosaic 
virus (CMV). with tobacco mosaic virus (TMV), or with both. Left to right: noninoculated: CMV alone: TMV alone: 
TMV + CMV. Note extreme stunting of the doubly infected plants. 


occurring alone and together in tobacco and also 
of tobacco mosaic virus when occurring alone and 
together with tobacco ringspot virus in tobacco. 

MATERIALS AND METHODS.—Tobacco (Nicotiana 
tabacum L. var. Connecticut Havana 38) plants were 
grown from seed in silica sand that was watered with 
a modified Hoagland’s basic nutrient solution (6). 
Seedlings selected for uniformity were transplanted 
to l-gal. earthenware crocks that were equipped with 
automatic siphons. 

Four crecks containing 4 plants each were used 
for each of 4 treatments per experiment. One half 
of each of 2 leaves of each plant was inoculated with 
tobacco mosaic virus (TMV) and the opposite half 
with either cucumber mosaic virus (CMV) or tobacco 
ringspot virus (TRSV). Inocula of CMV and TRS\ 
were taken from systemically infected plants of a 
tobacco variety homozy gous for the “local lesion” gene 
by TMV was 


avoided. A purified preparation was used as TM\ 


resistance to TMV. Thus. contamination 


inoculum. 

For assays of CMV concentration.” leaf samples 
were ground in a Youth Fountain mill and the 
expressed sap was passed through 2 layers of cheese- 
cloth. The sap was diluted 1:30 in pH 7.0 phosphate 
buffer, and opposite-leaf inoculations were made on 
cowpea (Vigna sinensis Endl. var. Black) plants that 
had been dusted evenly with Carborundum. The 
cowpea plants were kept in darkness for about 24 
hours before inoculation in order to insure suitable 
local-lesion development (13). 

In assays in which only the concentration of TM\ 


was determined, frozen tissue samples were homogen- 


2 Concentration in relation to CMV and in local-lesion 
assays of TMV refers to infectivity of the virus extracts. 


ized in 10 parts by weight of distilled water in a 
Waring Blendor for 3 minutes. The expressed juice 
was filtered through 2 layers of cheesecloth, heat clari- 
fied, and then subjected to 2 cycles of low- and high- 
speed centrifugations in a Spinco Model L centrifuge. 
Pellets were resuspended in pH 7.0 phosphate buffer, 
and the optical densities of the purified fractions 
(diluted 1:8 with buffer) were determined by means 
of a Beckman Model DU spectrophotometer set at 
a wave length of 265 mz. In addition to optical density 
readings, local-lesion assays were made with heat- 
clarified sap in half-leaf comparisons on a _ tobacco 
variety having the “local-lesion” gene of \. glutinosa 
L.. 

Weekly assays were made for each series. All leaves 
of 4 systemically infected plants were used as a treat- 
ment sample. In some experiments, assays were made 
of the inoculated leaves, samples consisting of 4-8 
leaves. Tip-leaf tissue samples consisted of approxi- 
mately 0.5 g. When both TMV and CMV determi- 
nations were made of the tip-leaf samples, 0.01 M 
phosphate buffer pH 7.0 was used for dilution, and 
aliquots of the samples were treated as above for the 
respective viruses. Since the use of the buffer pre- 
vented complete elimination of chlorophyll from the 
samples, low-speed centrifugation was repeated 2 or 3 
times, and the optical density readings of the healthy- 
tissue sample were subtracted from the other values. 

Resutts.—Tobacco mosaic and cucumber mosaic 
viruses.—1) Symptoms.—Symptoms appeared in all 
plants in 4-6 days. By the second week after inocu- 
lation, the viruses had become well established in all 
plants, and symptoms were very conspicuous. TMV- 
infected plants usually were mildly mottled and 
moderately stunted. Generally, the doubly infected 
plants were severely stunted (Fig. 1). The old leaves 
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Fic , omparatl e growt ited Dy hanges in tresh weight, of tobacco plants infected bv tobacco mosalt virus 
(TMV) and by TM\ ssaic virus (CMY) and relative concentrations of TMV in such plants as indicated 
by optical densities (at 265 partially purified extracts of composite-leaf samples. A) Results of a typical experi 
ment in which the first peak in the concentration curve of singly infected plants was reached 2 weeks after inoculation, 
Results of a similar pel t in which the first peak in the concentration curve was reached 1 week after inocula 


B) 


tion. 
however. the 


were curled down, and t expanded leaves were in most experiments; in 1 experiment. 
severely mottled. puckers d_ distorted Plants reduction was 30 per cent. 
inoculated with CMV alo owed a more yellow Concentration of TMV in composite-leaf samples 
mottle than did those ted with TMV alone of singly infected plants, as shown by weekly assays 
CMV was seemingly re ve than TMV, sinee by the optical-density method, was found generally to 
all leaves on plants inoculat with it, even lower follow a cyclic pattern (Fig. 2). These changes (high 
noninoculated ones, developed mptoms to low to high concentrations) followed a general 
Very conspicuous effects of the double infection trend with only slight variations among experiments 
were the early chlorosis and death of the lower leaves, With samplings made at weekly intervals, virus in- 
which remained attached to the stems of the severely crease generally reached the first maximum 14 days 
stunted plants. Necrosis of the stems or roots was after inoculation (Fig. 2, A). In some experiments. 
seldom observed. Immediat: er the shock phase. however, this occurred 7 days after inoculation. with 
subsequently developing iN xhibited little or no marked drops in concentration at 14 days (Fig. 2. B) 
mottle. Leaves at intermediate positions expanded In these cases, virus concentrations rose again after a 
often showing a lobed or ar ous shape but no drop in the second week. If a maximum was reached 
the stunted plants at 14 days, concentration appeared to drop the third 
with a rise again toward the 


after inoculation. 


week 


experiments 


week 
fourth 


was made. 


mottling. Whereas the tip leaves of t 
showed severe symptoms durir f the 


both the expand ng 


when the last harvest In 2 


intermediate 
however, virus increase in TMV-infected 


disease, 
accentuated 





leaves appeared yellowish se of 
vein clearing that very the symptoms plants was linear. 
induced by CMV alone Assays of composite-leaf samples indicated that 
In all treatments, there eyclic pattern of TMV concentration in doubly infected plants was, in 
symptoms in tip leaves as leveloped. Severe general, less than that in singly infected plants. In 
symptoms were followed by rtial recovery which the former, the virus increased to a maximum toward 
was followed again by severe symptoms, ete. (1.5 the end of the second or third week (Fig. 2). A cyclic 
2) Multiplication of TMI Seven different experi pattern also was evident but less marked than in 
ments were made. Conce! of TMV in the — singly infected plants. The time interval of the TM\ 
inoculated leaves harvested 4 ifter inoculation cycle in doubly infected plants was not identical with 
was always less in doubly { plants than in that in singly infected plants. In a given assay, a high 
singly infected plants. Th. es were slight peak in singly infected plants was often coincident 
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Fic. 3. Relative concentrations of tobacco mosaic virus 
(TMV) in tip leaves of tobacco plants infected by TM\ 
and by TMV + cucumber mosaic virus (CMV), as indi- 
cated by optical densities (at 265 mu) of partially puri- 
fied extracts. A) Plants supplied normal levels of nitrogen 
and phosphorus. B) Plants supplied excess nitrogen and 
phosphorus. 


with a low level in doubly infected ones. In the assay 
made a week later, the reverse was true. The general 
picture was that the peak concentration of TMV oc- 
curred about 1 week later in doubly infected plants 
than in singly infected ones. Also, the decline after 
the peak had been reached was less marked in doubly 
than in singly infected plants. This indicates that 
TMV synthesis in the doubly infected plants is initially 
depressed by the presence of CMV. 

Measurement of virus concentration by the number 
of local lesions gave the same picture as did that by 
optical-density readings of purified fractions. 

TMV concentration in systemically invaded tip 
leaves also presented a_ cyclic picture that varied 
slightly from experiment to experiment. In singly 
infected plants, TMV concentrations were generally 
highest at 7 and 21 days after inoculation and lowest 
at 14 and 28 days after inoculation. In other words. 
high concentrations were followed by low concentra- 
tions, the highest generally being at the first assay. It 
is to be noted here, too, that the cycles in singly 
infected plants were not always congruous with those 
in doubly infected plants. Often a high concentration 
in one case was coincident with a low concentration 
in the other group of plants (Fig. 3, A). 
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Symptom expression in tip leaves of doubly infected 
plants was generally correlated with virus concentra- 
tion; high concentrations were associated with severe 
symptoms and low concentrations with mild symptoms, 
The same correlation was generally, but not consist- 
ently, found in the tip leaves of the singly infected 
plants. 

3) Multiplication of CMV .—Concentration of CM\ 
in inoculated leaves harvested 4 days after inoculation 
was found to be greater in singly infected plants than 
in doubly infected ones (Table 1). Concentration in 
extracts of composite samples of systemically infected 
leaves of doubly infected plants at 7 days after inocu- 
lation generally was higher than that of comparable 
extracts from singly infected ones although this was 
not always the case. Two weeks after inoculation, 
CMV concentration in doubly infected plants was 
usually higher than that in singly infected plants 
(Table 1). This period during which CMV concen- 
tration was higher in doubly infected plants than in 
singly infected ones generally coincided with severe 
symptom expression and stunting in the former. 
At 3 weeks after inoculation and thereafter, CMV 
concentration in singly infected plants was greater 
than that in doubly infected plants except for the 28- 
day assay of 1 experiment. During this period, the 
doubly infected plants resumed growth. In 1 experi- 
ment (data not given) in which plants were inoculated 
when very young, there was no recovery in the doubly 
infected plants, and CMV concentration in these 
plants was less than that in the singly infected ones; 
this was true in all assays, except those at 28 days 


after inoculation. 


Taste 1.—Concentration of cucumber mosaic virus (CMV), 
as indicated by local-lesion assays on opposite half- 
leaves of cowpea, in singly and doubly infected to- 
bacco plants at various intervals after inoculation 
with CMV and with CMV + tobacco mosaic virus 


(TMV) 
Average no.” of local lesions 
per half-leaf at indicated no. 

Virus of days after inoculation 

Experiment treatment 1° 7 14 21 28 
l CM\ 19 25 100 75 69 
TMV + CM\ 9 41 153 18 37 
2 CM\ 28 36 «6124 67 69 
TMV + CM\ 12 87 152 39 51 
3 CMV 128 216 150 107 
rMV + CMV 182 329 1] 36 
} CM\ 90 213 125 86 
TMV + CMV 128 255 64 54 
5 CM\ 286 87 19 19 
TMV + CMV\ 229 «102 1] 13 


*Each figure is the average for 20 half leaves. Values 
are rounded off to the nearest whole number. 

» Assay from inoculated leaves, All other assays were 
from systemically infected leaves. Differences in lesion 
counts of all opposite leaf comparisons were statistically 
significant except for the 14-day assay of experiment 2, 
Direct comparisons should be made only between virus 
treatments within a given assay. 
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Because of variations it isceptibility of assay 
plants, as shown by Matthew 7.8), weekly assays 
cannot be compared on a tertime basis. The con 
sistent occurrence, however if alternating high and 
in successive assays 


low numbers of local 


gives support to the existence of a cyclic concentration 
pattern of cucumber mosa irus, as reported by 
Cheo and Pound (5 In assays of both singly and 
doubly infected pl ints, the 1 nber of local lesions was 
consistently higher in those made at 14 days than in 
those made at 21 days. Subsequent assays gave com 
parable or still lower numbe f lesions 

lea were made in only | 


Weekly 


experiment, in which there 


assays of tip 
ere 3 replicates At 7 
he It} 


days, CMV concentration w gnificantly hig 

the singly intected plants than n the doubly intected 
ones, whereas the reverse idition occurred at 14 
days and persisted the end of the experiment 
Here again. the numbers of local lesions were greater 
in the first and second assays, when tip leaves had 
severe symptoms, than in the third and fourth weeks 
when they had mild sympto 

L) Effect of host } trit 7 rus interaction 

If. in doubly infected plants, one virus multiplies at 


a faster rate than the other and depletes the amount 


Virus an 


1 Ty t} second 


of building materials need y the 


excess of available nitrogen or phosphorus might alter 


Several ¢ xperi 


the multiplication pattern of the latter 
effect 


iscertain the 


' 


ments were carried out In 


order to 


of host nutrition on the concentration of the viruses in 
doubly infected plants. Experiments were set up as 
described, except that high levels of nitrogen (1050 
ppm) and of phosphorus (547 ppm) were used in 
place of Hoagland’s basic nutrient formula These 
higher levels are those used in earlier experiments by 


Cheo et al (6) 


The plants were darker reen and oTrew less rapidly 


+ +) 


erowing in crocks 


than did the plants of the same age 

watered with the basic solution in which nitrogen 
and phosphorus were at levels of 210 and 93 ppm. 
respectively. Sympton development in plants grown 


at the higher levels followed a pattern similar to that 
described for plants in solution. Symptoms 


were more severe in the doubly infected plants than in 


the singly infected ones. and the former plants became 
markedly stunted after the se week 
Seven days after inoculatior [MV concentration 


in composite-leaf samples from doubly infected plants 
given excess N and P was usually equal to or higher 


than that in comparable sir fected plants (Fig 
L). Fourteen davs atter tnoculatior howeve! the con 
centration of TMV was ilwavs higher in the singly 


than in the doubly infected plants. At the end of the 
third week, rM\ concentratior in the singly intected 


plants generally was reduced whereas the concentra 
tion in doubly infected plant is still increasing 
Thereafter, the concentration of the virus in the singly 


and doubly infected plants { wed a rather parallel 
course. the concentratior ot rMY\ generally being 
Cctie® wlan Win Me curses 


higher in the doubly in 
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Fic. 4. Comparative growth, as indicated by changes in 
tresh weight, of tobacco plants infected by tobacco mosal¢ 
virus (TMV) and by TMV + cucumber virus and 
supplied excess nitrogen and phosphorus, and relative con- 
centrations of TMV in such plants as indicated by optical 
densities (at 265 mu) of partially purified extracts of com- 


mosal¢ 


posite-leaf samples. 


N and P prevented a depression of TMV multipli- 
cation during the first week, but a displacement in 
the multiplication cycle did occur in the doubly in- 
fected plants at 14 days after inoculation. 

Assay of tip leaves showed a pattern of TMV con- 
centration similar to that Virus con- 
centration in singly infected plants reached a maxi- 


just described. 


mum 7 days after inoculation, decreased during the 
second week, then rose again during the fourth week 


after inoculation. Concentration in the doubly  in- 
fected plants was slightly lower than that in the 


singly infected plants at the 7-day assay, but surpassed 

the latter at 14 days after inoculation and generally 

dropped at the end of the fourth week (Fig. 3. B). 
Higher TM\ 


reached in plants given the high nitrogen 


concentrations of were generally 


and _ phos- 


phorus nutrition than in the plants given normal 


nutrition. 

At 4 days after inoculation, CM\ 
inoculated leaves of plants given excess N and P was 
infected plants than in singly 


concentration in 


lower in the doubly 
infected ones. At 7 and 2] 
CMV concentration generally was higher in composite 
samples from doubly infected plants than in similar 


samples of singly infected plants, whereas the reverse 


days after inoculation. 


condition generally occurred at the end of the second 
and fourth weeks. 


In most of the experiments, high numbers of lesions 


were obtained in assays of both singly and doubly 
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infected plants at the first and second weeks after 
inoculation. and lower numbers at the third and fourth 
weeks. Correspondingly, host growth appeared in- 
versely correlated with virus concentration in both 
series of plants. Thus, essentially the same picture of 
CMV concentration was obtained in plants given 
excess N and P as in those given normal levels of N 
and P. 

Tobacco mosaic and tobacco ringspot viruses. 
1) Symptoms.—All except 1 of the 5 experiments 
with this virus combination were made by the usual 
simultaneous inoculation to opposite half-leaves. The 
results of 1 experiment in which inoculation with 
TRSV  pre« eded that with TMV by 1 week will be 
considered later. 

Tobacco ringspot symptoms appeared first as a vein 
clearing in the tip leaves and in new expanding leaves. 
About 7 days after inoculation, characteristic yellow 
rings appeared on several leaves of both singly and 
doubly infected plants, although not on all plants. At 
the end of the second week, symptoms were well 
developed. Doubly infected plants showed both rings 
and severe mottling of leaves and necrotic rings in 
the lower leaves. Stunting of plants was noticeable 
by the end of the second week and varied in intensity 
in each experiment; in some cases, it was very 
severe. By 21 days after inoculation, the plants usually 
began to recover from tobacco ringspot symptoms. 
Symptoms persisted only in the old and intermediate 
leaves. 

\ similar pattern of severe symptoms followed by 
recovery in the third or fourth week was observed 
in the very tip leaves of both singly and doubly in- 
fected plants. With this virus combination, however. 
the cyclic pattern of symptom expression and recovery 
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Fic. 5. Comparative growth, as indicated by changes in 
fresh weight, of tobacco plants infected by tobacco mosai 
virus (TMV) and by TMV + tobacco ringspot virus and 
relative concentrations of TMV in such plants as indicated 
by local-lesion assays on a tobacco variety possessing the 
“local lesion” gene of Nicotiana glutinosa. 
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was less marked than in the TMV + CMV combi- 
nation; not infrequently, plants in the same crock 
showed quite different symptomological pictures. This 
variance among individual plants might be expected 
since it is known that TRSV invades tissue slowly and 
spreads more rapidly in some plants than in others. 

2) Multiplication of TMV —TMYV concentration was 
determined by means of local-lesion assays only, since 
TMV and TRSV could not be separated by the differ- 
ential centrifugation schedule used. It is, therefore, 
dificult to make direct comparisons among assays. 

TMV concentration was consistently higher in the 
doubly infected plants than in singly infected ones. 
The differences at 7 and 14 days after inoculation were 
much greater than those at 2] and 28 days. In most 
experiments, the differences between singly and doubly 
infected plants at 21 and 28 days were not statistically 
significant, but they were always in the same direction 
(Fig. 5) except for 1 experiment. 

No determinations of TRSV_ concentration were 


made. 


Discussion.-When tobacco plants are inoculated 
with both CMV and TMV, the symptoms produced by 
each virus can be detected initially. The top leaves 
exhibit a mottling resembling that of tobacco mosaic, 
whereas intermediate and lower leaves show vein 
clearing. mild mottling, and yellowish coloration 
symptoms characteristic of those induced by CMV. 
\ combined effect is soon apparent. This consists of 
a marked stunting of the doubly infected plants and 
becomes noticeable about 7 days after inoculation. 
This stunted condition may be very severe if the plants 
are inoculated early and if temperatures do not favor 
rapid growth of the plant. Necrosis usually appears 
under these conditions. When relatively large plants 
are inoculated with both viruses, the stunting effect is 
less severe and the plants usually resume growth after 
the shock phase. The internodes elongate, with a 
subsequent production of new leaves that generally 
are free from symptoms. Similar changes occur when 
temperature is especially favorable for plant growth, 
even if the plants have been inoculated at an early 
stage. 

Since symptoms induced by the 2 viruses were 
recognizable in the doubly infected plants, and since 
the concentration of each virus was high (their mul- 
tiplication following patterns similar to those in singly 
infected plants), it would appear that neither virus 
is able to inhibit completely the synthesis of the other 
under the conditions of the experiments and that the 
more severe disease in the doubly infected plants was 
primarily an additive effect of the 2 viruses. These 
severe symptoms, characterized by lack of elongation 
of the internodes, might be interpreted as a result of 
nitrogen depletion due to nitrogen utilization in the 
synthesis of virus protein or to an interruption in 
auxin relations either by the viruses or by associated 
products. Evidence of nitrogen depletion has been 
presented by Commoner and co-workers (3, 4), who 
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found that TM\ pal lar 
acteristic changes in the tration of onia 
amide, and amino nitrog f fected leaves and that 
virus formation exert dl the ammonia of f 
nonprotein nitrogen po iggest that changes 
in free amino-acid cor tr nduced us 
formation may account for some of the symptoms ob 
served in infected plant If it issumed 
thesis of CMV operates in t ime way as that of 
TMV. retardation of TM\ tiplication in the doubl 
infected plants could be ex ed on the basis of a 
drain. due to CMV synthe . the components of the 
nonprotein nitrogen of f Observations here re 
ported indicate that CM\ illy at least. is more 
invasive than TMV. If CMV drains part of the nitro 
gen needed for TMV synt etarding effect o1 
the multinlication of TMV would occur. Partial re 
covery of CMV-infected 1 commonly observed 
phenomenon, and the results here re porte d also indi 
cate that a decrease in CMY\ oncentration occurs 
after a rather short period of acute disease develop 
ment. This would favor ication of TMV. the 
concentration of whict cre n the doubly intected 
plants in the second or third week after inoculation, 
then decreases and finally increases again Thus. the 
final effect of CMV on the ltiplication of TMY 
would be that of causing retardation in the virus 
multiplication cycle, not a plete inhibition at any 
time. The results of the reported experiments indicate 
that such a displacement occurs in most cases. Since 
CMV and TMV are unrelated viruses, the suppression 
of TMV by CMV cannot be considered a_ protective 
effect. Most likely. earlier invasion of CMV alters the 
physiological balance of the plant in some way suc! 
as to disturb the natural cycle of TMV multiplication 
If data could have been taken at daily intervals 
rather than at weekly interval more complete pi 
ture of the virus multiplicat pattern could have 
been obtained. The data in the present study are not 
interpreted to mean that maximal or minimal concen 
trations were reached in the plants at exactly weekly 
intervals. Additional periods of sampling might have 


given some explanation ot wi naximum concentra 
tion of TMV apparently was hed | week later in 
some plants than in others variance in the time 
the maximum concentration eached might lead 
one to suspect a large experimental error. Sufficient 
numbers of experiments eplications in’ which 
consistent results were obtained lead the authors to 
attribute it to inherent differences among gro ips of 
plants. 

The presence of a cyclin ittern of virus multiplica 
tion, first indicated by Cheo nd Pound ) with 
cucumber mosaic virus and later shown by Bancroft 
and Pound (1) to occur with TMY., also was found to 
occur not only in the singly but in the doubly infected 


plants. On the basis of their own experiments and of 
the findings of Spencer (15), Meneghini and Delwich 
(10), and Takahashi (16). Bancroft Pound 


supported the idea postulat Spencer that reduc 


and have 
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f virus with time apparently is due to dilution of 


tion 


the virus with subsequent growth of the plant and 
The 


results here reported tend to support the same _hy- 


not to actual loss or destruction of the virus. 


pothesis insofar as singly infected plants are con- 


cerned, for virus reduction on a plant-weight basis was 
found to occu! during the period of increased rate of 
the doubly in- 


growth of the plants. In the case of 


fected plants, however. where severe stunting occurred 


during the second and third weeks after inoculation, 
this explanation of virus reduction is hardly adequate 
since the drop in virus concentration still occurred 


under the conditions of rather retarded host growth. 
Previous papers give evidence that little. if any, re- 
versal of virus synthesis occurs once the virus has 
reached its maximum concentration: however, there is 
little or no evidence to demonstrate that reversibility 
does not occur during the earlier stage of virus synthe- 
sis. Meneghini and Delwiche (10) do not discard the 


possibility of such reversibility during the period of 


early infection. They consider that in a manner 
analogous with that of the T phage and Escherichia 
coli {Migula) Castellani & Chambers, the infecting 


parti le could be destroyed and its nitrogen constitu- 
ent returned to the nitrogen pool of the cell to be re- 
synthesized. These concomitant processes of destruc- 
tion and synthesis would go on until complete systemic 
Mene- 
this 


analysis 


infection had been reached. Unfortunately. as 
and Delwiche 
point with the 


would be difficult. 


ghini point out, elucidation of 


present methods of chemical 


Since samples of tip leaves of similar age and size 


were used for assay. differences in growth are too 


small to exert a major influence on virus concentration 
at a time, 
that ot 


parts of the plants). 


given An alternative explanation of this 


flow to 


unlikely 


reduction, virus migration (in mass 


other was considered 
by Bancroft and Pound (1). 
(12) have 


either 


It may be. as Rochow and Ross 


that 


indirectly a 


sug- 


gested, some host metabolite. directly or 


accumulates in 
effect,” 


part of virus synthesis, 


sufhcient concentration to create a “staling 


thus retarding virus synthesis but not host growth. 
With time, this inhibitory effect would be reduced, 
thus allowing another phase of rapid synthesis of 


Another might be that after an 


initial production of virus, some material essential for 


virus. possibility 
virus synthesis but not for host growth might be de- 
pleted, thus allowing partial recovery. With additional 
time, the accumulation of this material would permit 
an additional surge of virus synthesis. 

The finding that high levels of nitrogen and phos- 
phorus resulted in an increase in TMV concentration 
in both singly and doubly infected plants, as compared 
to that in plants supplied with normal amounts of 
nitrogen and phosphorus, is in accordance with previ- 
(14). He 


in TMV concentration in tobacco plants receiving an 


ous findings by Spencer found an increase 


ample supply of these nutrients. The findings tend to 


support also the point of view that synthesis is sup- 
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pressed during the first week after inoculation in 
doubly infected plants under normal nutrient condi- 
tions. Because of the ample supply of nutrients in 
plants grown on high levels of N and P, the drain of 
nonprotein nitrogen by CMV would not originate a 
temporary depletion and subsequent retardation of 
TMV synthesis. 

Results obtained with plants singly and doubly in- 
fected with TMV and TRSV are similar to those of 
Bennett (2) and Rochow and Ross (12) who worked 
with other pairs of viruses. In all 3 cases the con- 
centration of one of the viruses was greatly increased 
in comparison to that in the singly infected plants. 
Also. each double infection resulted in a synergistic 
effect on symptom severity. In the present experi- 
ments, increase of TMV concentration in the doubly 
infected (TMV + TRSV) plants was not as large as 
that reported for 1 member of each of the other pairs 
of viruses. It is worthy to note, however, that this 
increase in virus concentration corresponds to the 
period of acute disease when TRSV is supposedly also 
at its maximum concentration. Here then, presumably, 
this increased severity is, as in the case of TMV 
CMV combination, the result of an additive effect. 
Whether this increase in the concentration of TMV is 
due to a direct effect of TRSV synthesis or not is difh- 
cult to determine. To explain the increase in virus 
concentration in doubly infected plants, Rochow and 


Ross have suggested the presence of a substance re 
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sulting from virus Y synthesis that may be utilized in 
virus X synthesis or that may nullify the effects of 
substances that normally retard the multiplication of 
virus X. If this suggestion is considered in this con- 
nection, it might be possible that the large amount of 
nucleic acid synthesized by TRSV could act in 1 form 
or another in accelerating the multiplication rate of 
TMV. 

Inconsistency in the results of assays of TMV con- 
centration in tip leaves also infected by TRSV might 
be explained on the basis of some previous observa- 
tions on TRSV multiplication in tobacco plants. Me- 
Kinney and Clayton (9) have pointed out that tobacco 
does not seem to support a very high level of synthesis 
of TRSV and that the amount of inoculum introduced 
influences the degree of the virus multiplication. Then, 
if different amounts of inoculum are introduced at 
each experiment, the natural resistance and metabol- 
ism of the plants are differentially altered. For the 
present studies, TRSV inoculum was taken for each 
experiment from systemically infected tobacco plants 
at different times after inoculation. Probably, TRSV 
concentration was different in each case, and this fact 
may have affected the multiplication pattern of TMV 


in the different experiments. 
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Synergism Between ¢ Sulfur in Dust Mia Paste 1, Yield and blackspot severity in 2 varieties of 
tures for the Contr R spot. W. D. Me roses dusted with basic copper sulfate, with sulfur. 
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CLELLAN, Epcar A. Tayi Froyp F. SmitrH ae pe 
Copper sulfur mixture ive ised for plant dis Percentage Average 
ease control for seve ear B i’ reported that a composition blackspot Yield of 
combination of wettable sul d Cuprocide 90 pel of dust rating lowers 
cent cuprous oxide the germination of Variety and Weight 
spores ot the } lac KS] 2D carpor rosae treatment Cu s 1954 1955 No (a) 
Wolf. in the laborator te reater extent than did Golden Masterpiece 
either material alon ed extensively cop No treatment 60.7 8 80 198 
per-sulfur mixtures for blackspot of roses Copper dust A 0 (2.9 19 109 785 
Hi | : a ; a : ‘eae Sulfur t 0.0 25 2 6] 105 7128 
Is data show tha eated wi . Copper + 
containing 10 per « t f é Copper 34 hasit sulfur dust 4 95 9? TF) 244 1756 
copper sulfate; 3.4 per t weighed 9 per cent LSD (19:1) 17.7 16 2% 146 
more than untreated plant e treated wit ! Red Radianes 
No treat ant bo 199 32 
ferent mixtures conta ent sulfur and LU ’ ) ae : 108 
Copper dust 4 6 17.5 13¢ 195] 
per cent Tennessee Coppe ned 50-59 per cent Sulfur dust 0.0 25 53.2 45 2467 
more than untreated pia Sultul lone - not Coppel! 
: sulfur dus } 5 8.( 85 3? ] 
used in this test ly not test. however. plants — t | <0 ( 214 
[PSD (19:1) 3.0) 17 B45 
dusted with sulfur we 1 er cent ore than 2 1.0 ) 
untreated plants ind f f ted with 2 lifferent Copper as Tennessee opper 34: sulfur as 325-mesh 
90:10 mixtures 28 1 44 pe ent ore Copper dusting sulfur 
alone was not used Horsfall’ reported Based on a relative scale where 100 indicates maximum 
tet te lahoratery tests suli siaiaidains wee blackspot and O indicates none. The 1954 ratings are the 
de | ; . iverages of 2 ratings of 4 plots of 4 plants each per treat 
— mut not other cor except possibly cupric nent, one made in August and the other in Septet ber. The 
oxide. He stated further that d seen no clear-cut 1955 data are for a single rating made in July 
case of synergism between cul xxide and sulfur ry} figures for Golden Masterpiece are mean weight 
in field plots except tor control t tip burn of potato ind numbers of flowers for June through \ugust, 1956; 
' . } i } ‘ , : . : oe 
ial ted Mecskall ; “a at those for Red Radiance are for May through August. 1956 
one < ( orstail rel rieq i st] ] wil SVne'r 
gise thiram  (bis(dimethyldit irbamyl disulfide 
but not iron or zinc salts of t ympound. During the untreated checks. were in 4 replications in 120 rose 
course oft experiments wit fungicide niticiade plots of 16 plants each. In 1955. each plot vot the 
st c ons for the yntrol of spider mites and . e 
dust combination pau “ same treatment as in 1954. Measurements of dust 
blac th om FUSES, bial tie = eee Sees usage showed that dust was applied at an average 
action between copper and s reported here but + af 
PI : rate of 35 lb. per acre per application. All dust mix- 
not when ferbam (ferri limet lithiocarbamat 3 3 
: tures contained 5 per cent DDT (commercially avail- 
sulfur, and ferbam-sulfur dust were compared ; ‘ 
Duri 1954. 18 ' 9 dif ; able dichloro-diphenyl-trichloroethane, the principal 
uring o+ 16 weekly a i ns oft 2 ifferent : ‘ 
lu t t , +] constituent oft which Is 1.1.1-trichloro-2.2-bis( p-chloro- 
dust combinations were made ese, together with e 
phenyl ethane), and 1 per cent lindane (7-1.2.3.4.5.6- 
hexachlorocyclohexane), and all those reported herein 
1 Boyd, G. T. 193 El n germinati also contained 1.5 per cent of Aramite (15 per cent 
7 > . L, . ‘ f - 7 , 7 ° 
: the spores of the blac! s (Diy irpo sac 2-( p-tert- butyl phenoxy ) isopropyl-1-methylethyl-2-chlo- 
exas Agr. Exp. Sta. Ar R eee 
2h vie. I Ww 1944 Cont: a . roethylsulfite) as a miticide. All plants were inocu- 
sulfur-copper dust. Texas A Exp. Sta. Bul. 648, 27 | lated uniformly with Diplocarpon rosae by spraying 
*Horsfall, J. G. 1945. | es and their actior them with spore suspension in July 1954. There were 
Chronica Botanica Co., Walt Mass. 239 p ‘ ~ 
‘D; , \ 1 ; 1 O44 > varieties of roses in each plot, but the results with 
imond, . - and rsta {, synergis 
as a tool in the conservation of { es. Phytopathology Golden Masterpiece and Red Radiance only are re- 
34: 136-139. ported. Similar results were obtained with the other 
( re . song to ms : \ ays I 1\ > varieties There were } plants ear h ot Golden 
ombination dusts for pests al s of roses ; aN 
Keer Race Mae. 13(2)- 4-6 ). (4)- 6.7. 24: and Masterpiece and of Red Radiance per plot. The very 
(5); 8, 27. (The 3 authors are flerent order in each susceptible Golden Masterpiece plants when heavily 
of the + parts). infected by blackspot are weakened by the excessive 
6 Taylor, E. A.. W. D. MeCl F. F. Smith. 1956 : . - ; 
1955 results with fungicide-miticide nbination n re leaf dropping resulting from the defoliation. Such 
Amer. Rose Mag. 13(17 97 weakening tends to accentuate difference between 
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treatments. Red Radiance, on the other hand, is less 
susceptil le and the plants do not drop their leaves 
readily. Yield differences between fungicidal treat- 
ments with this variety were not as great. Yield 
records were obtained by cutting the flowers twice 
weekly and recording their numbers and weight. 
Blackspot severity was determined at approximately 
monthly intervals by rating the plots visually. The 
copper was Tennessee Copper 34, which supplied 3.4 
per cent Cu in the copper dust and in the mixture; 
the sulfur was a 325-mesh dusting sulfur, which sup- 
plied 25 per cent sulfur in the sulfur dust and in the 
mixture. 

There was very little benefit from copper or from 
sulfur used alone as a dust for the control of black- 
spot (Table 1). Where copper and sulfur were 
combined in dust mixtures, blackspot on both varieties 
was markedly less severe and flower yields much 
greater than when either component was used alone. 
Thus, there was a signficant interaction between 
copper and sulfur.—Plant Industry Station, Beltsville, 
Maryland. 


Preventing Cone Rust on Slash Pine by Pollination 
T ec hnique s l sed in Breeding Programs. F. F. Jews LI a 
Cone rust, caused by Cronartium strobilinum (Arth.) 
Hedgc. & Hahn, attacks first-year cones of slash pine, 
Pinus elliottii var. elliottii Little & Dorman, and to a 
lesser degree those of longleaf pine, P. palustris Mill., 
along the U. S. coast of the Gulf of Mexico. In Mis- 
sissippi, its range extends 20-25 miles inland. The 
pathogen is a heteroecious rust fungus; the pycnial 
and aecial stages occur on pine cones and the uredial 
and telial stages on leaves of native oak species. When 
about 3-4 months of age, infected cones become great- 
ly enlarged (Fig. 1) and turn glistening yellow. Short- 
ly thereafter, the surface membranes are ruptured, 
exposing powdery masses of aeciospores that give the 
cones a distinctive orange appearance. Following 
liberation of the aeciospores, the cones appear some- 
what shrunken, become reddish brown to brown, and 
ultimately die and fall from the tree. 

The disease has long been known to cause appreci- 
able cone losses.* but control methods have not been 
developed. 

Though artificial control may not have been war- 
ranted in past forest-management programs, it may 
often be necessary in an intensive breeding program. 

In pine breeding work, seed is obtained from both 
hand-pollinated and wind-pollinated cones. Cone 


1 Plant Pathologist at the Southern Institute of Forest 
Genetics, maintained at Gulfport, Mississippi, by the 
Southern Forest Experiment Station, Forest Service, U. 5. 
Department of Agriculture. 

* Hedgecock, G. G., and G. G. Hahn. 1922. Two impor- 
tant pine cone rusts and their new Cronartial stages. Part 
I. Cronartium strobilinum (Arthur) Hedge. and Hahn, 
comb, nov. Phytopathology 12: 109-116. 
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Fic. 1. Cronartium strobilinum on slash pine, April, 
1956. A) Infected cone. B) Healthy cone. 


flowers to be hand-pollinated are enclosed in pollen- 
proof bags when the flowers first break out of their 
fibrous sheath. They are pollinated, while in the bag, 
when the cone scales are completely open (at the 
period of maximum pollen receptivity). The bags 
are removed when the cone scales have closed, usually 
about 10 days after pollination. Thus, the hand- 
pollinated flowers of slash pine are covered for about 
2-4 weeks, usually in late January and early February. 
The wind-pollinated cones remain exposed throughout 
their life. 

In 1951, Allen* noted that about 16, 30, and 60 per 
cent of the wind-pollinated cones on 3 different slash 
pine trees were infected with the cone rust fungus 
whereas none of the cones that had been bagged and 
hand-pollinated were so infected. 

In 1956, the author extended Allen’s observations. 
Slash pines used in the breeding program of the 
Southern Institute of Forest Genetics were examined 
April 26-28 during the period of aeciospore produc- 
tion, when infected cones could be readily diagnosed. 
Thirteen trees were climbed, and all bagged cones on 
each tree were checked. Wind-pollinated cones that 
were infected were found on all trees. Counts of sound 
and diseased wind-pollinated cones were made on a 
few branches of each of 6 trees. 

None of the previously bagged cones had become 
infected, but 27 per cent of the wind-pollinated cones 


3 Allen, R. M. Unpublished memo to files of Southern 
Institute of Forest Genetics, Gulfport, Mississippi, May 22, 
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{scospore / "7 f nnon , ord 
minis.’ E. S. Luttret fr lescribed in the apex 
of the ascus of Gaeumar s (Ophiobolus g 
minis (Sace.) Arx & Olivier fractive ri tvpical 
of asci of the “Endothia ty t stated that the as 
deliquesce and free the ascospores within the perithe 
cium. McAlpine* had reported previously that intact 
asci pass up through tl the rface and 
there deliquesce In mater | G. graminis collected 
on wheat in Georgia. for: f scospore discharge 


the “Endothia type” | 


The globose perithecia wer! ersed ll thie wheat 
leaf sheath tissue with the 1! il beaks proyect 
ing from the surface Phe ere evlindrical with 


thin walls thickened 


1 
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Experiment Station 


2 Jones, S. G. 1926. 1 ) 

of Ophiobolus gramin ‘ \ 6 | 607-629 
‘Luttrell, E. S. 1951. Tax 
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thickened a pic al wall was surrounded by a refractive 


doughnut-shaped ring. Each ascus contained a fascicle 
of 8 long-cylindrical ascospores. When moistened frag- 
leaf were placed on a dry 


so that the protruding beaks could be 


ments of wheat sheath 
slick 


in profile under the microscope, the asci were observed 


tocussed 


ostiole in succession and dis- 


Ea h 


the ostiole until its tip barely protruded and 


through the 


charging their ascospores. ascus moved up 


through 
ejaculated the ascospores through the pore one alter 
another but in such quick succession that discharge 
simultaneous. The 


was essentially group ol 


slide like broadcast seed. 


spores 
landed on the \s the prepa- 
Often only 
before the 


hung 


ration dried. the rate of discharge slowed. 


i single spore was shot away 


hirst 
With 
intact ascl were pushed out of the ostiole by pressure 
Once 


were stuck together end to end. 


ascus 


collapsed. Sometimes the half way 


spore 


through the ascus pore. failure of ejaculation, 


of the asci below. } asci were pushed out in a 


As each 


ascus emerged, it snapped back down the sides of the 


chain: these 


beak, probably as a result of surface tension of a film 


of water over the perithecium. Later. the asci collected 
ultimately became 


above the ostiole and 


hand 
globule at the tip of the 


in tascicles 
tiny orange-tinged 
W hole 


globules. but when they 


visible under the lens as a 


beak ascl were 


present in these were washed 
off in water, the walls dissolved and freed the spores, 


\ hen 


mouths of 


olvcerol-coated slides were plac ed ove! the 
leaf 
placed on moist soil that filled the vials to various 


vials containing fragments of sheath 


heights, ascospores were obtained only on slides at a 
height of 1 mm above the perithes ia. None were found 


on slides placed at heights of 2 mm or more. It is 


possible that the spores may be expelled with yet 
greater force under more favorable conditions than 
the above but only a relatively weak ejaculation 


could be demonstrated. 


Gaeumannomyces Lraminis is only the fourth species 


with asci of the “Endothia type” in which forcible 


ascospore discharge 


has been reported,’ although it 


presumably occurs in other species with asci_ of 


similar structure. Demonstration of ascospore ejacu- 
lation of the “Endothia type” in G. 
that this 


removed from the Loculoascomycete genus Ophiobolus, 


graminis provides 


corroborative evidence spec ies Js properly 


of the bitunicate 
although the 


in which asci are 
the Diaporthales. 


type, and placed in 


necessity of erecting 


a second monotypic genus essentially similar to 


Plagiosphaera may be questioned.—Georgia Experi- 


ment Station. Experiment. Georgia 


Arx, J. A. von, and 


taxonol 


Dorothea L. 
ivy of Ophiobolus graminis Sac: 
lrans 5 29 3. 


Olivier. 1952. The 
Brit. Mycol Soc 
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Sampling Tubes for Soil Fungi.' K. E. MUELLER 
ano L. W. Durrecy.- The “soil-dilution-plate” method 
is often used in surveys to determine the fungus flora 
of the soil; however, this type of sampling does not 
reveal the complete fungal flora even though the sur 
vey is repeated over several seasons. Certain organ- 
isms such as Rhizoctonia solani Kiihn are seldom en- 
countered in such dilution plates even when samples 
are taken adjacent to plants that are parasitized by 
this fungus. 

Depending upon the microenvironment, some spe 
cies of soil fungi are active in the soil whereas others 
are quiescent. Some fungi produce a great number of 
spores, others few or none. Dilution plates would be 
expected to show a preponderance e of colonies of those 
species e.g. some members of genus Pe rile illium ) that 
produce abundant spores. 

Chesters®:4 devised an immersion tube for sampling 
soil fungi He pointed out that those lung! that were 
ictively growing in the soil were recovered in the 
tubes. In practice the authors have found this method 
to be inconvenient and dificult, though the basic idea 
is excellent. The purpose of this paper is to describe 
a modification of this technique. 

Instead of breakable glass test tubes that require 
blowing. plastic centrifuge tubes were used (Super- 
Dylon 1210-1-HH made by Dynalab Corporation of 
Rochester. New York). With the use of a templet, 
3/16-in. holes arranged in a spiral were bored through 
the wall of the tube and then countersunk. Spacing 
of the holes may be varied as desired. 

The tubes. after being bored, were wrapped spirally 
with Koroseal electrical tape (Fig. 1). The tubes 
were filled with nutrient agar to within 1% in. of the 
top, plugged with cotton, and autoclaved. In the field, 
a large needle was heated by an alcohol lamp or small 
blow torch and pushed through the tape and tube 
perforation into the agar and then removed. This 
made an entrance for actively growing fungal hyphae 
After lying embedded in the soil 4-6 days, the tubes 
were collected and taken to the laboratory. 

In the laboratory the plastic tape was unwound, ex- 
posing | perforation at a time (Fig. 2). A stiff trans- 
fer needle. with the end flattened, was used to trans- 
fer the agar and fungus invader to Petri plates of rose 
bengal agar” or other suitable medium 


In addition to having the advantages listed by 


Supported in part by Western Regional Research Proj 


ect (W-38) funds and published with the approval of the 
Director. Colorado Agricultural Experiment Station, as 
Scientific Series Paper No. 491. 

-Junior Plant Pathologist and Emeritus Professor of 
Botany, respectively. 

Chesters, G. ( 1940. A method of isolating soil fungi 
Brit. Mycol. Soc. Trans. 24: 352-354. 

* Chesters, G. C. 1948. A contribution to the study of 
ungi in the soil. Brit. Mycol. Soc. Trans. 30: 100-113. 

Martin, J. P. 1950. Use of acid, rose bengal, and strep 
tomycin in the plate method for isolating soil fungi. Soil 
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Fic. 1-2. Fig. 1. Unwrapped tube on the right and 
wrapped tube on the left prior to filling and sterilization. 
Fig. 2. Tube being unwrapped after removal from the soil 


before transferring agar and fungus to Petri plate. Note 
fungal growth (a) on agar at center of hol 


Chesters this modified technique is more convenient 
in use than the original and contamination is less. 
Department of Botany and Plant Pathology, Colorado 
A & M College. Fort Collins Colorado 
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REPORT AND ABSTRACTS OF THE 1956 ANNUAL MEETING OF THE 
NORTHEASTERN DIVISION OF THE AMERICAN 
PHY TOPATHOLOGICAL SOCIETY 


The twelfth anr f the Northeaste1 cides.” Dr. A. E. Rich presided at this meeting. This 


Division of the A n | opathological Society session was preceded by a color sound film on insect 
was held at West Springfield. Massachusetts. on No ravages of plants. 

vember 8 and 9 O5f \ 1 people were i Othcers elected for 1957 were as follows: President. 
attendance Fourteet cit ipers were pre B. H. Davis; Vice-President, B. A. Friedman: Secre- 
sented. A number of rey ide during the tary-Treasurer, A. E. Rich: and for a two-year term 
evening session. “1956 Re é ests of Fungi is Councilor, D. S. Welch. 


B. A. FriepMANn. Secretary-Treasurer 


ABSTRACTS OF PAPERS PRESENTED AT THE MEETING 


(n automati separate tests was as follows: 100 ppm = Mycostatin 
Bootruroyp. Cart W \ é ( is nystatin) $; 1000) ppm sedium  o-phenylpenate (as 
“Vipol Vaccinator Vine | ibor é \ ine Dowicide A-M 245), 14; 1200 ppm captan, 22; 5000 ppm 
land, N. J.) has been fou for e artif sorbic acl 23; LO0OO ppm sodium salt of pyridinethione, 
lation of plants t 7 ino ited water-dipped checks, 62: and noninocu 
spores of plant patho it ated dry checks, 34. In 5 tests made in 1956. field-run 
with a plastic reservoir rt =) i! peaches were treated with Mycostatin and Dowicide and 
rel and an automati P ) ti placed in a pilot-scale hydrocooler. Dry and hvydrocooled 
into the instrument {) I I s hag et ! peaches served as checks Two bushels of eacl treatment 
over a 2-year period t cha i if ere stored at room temperature under a tarpaulin: one 
cient and has giver ¢ th Was Inspected at 2-day intervals (infected fruits removed) 
standard svringes i omatl le ‘ ind the other when the checks showed considerable decay. 
Development of st ited th G er \ third bushel was refrigerated at 42°F and inspected at 
ella zeae by this met} tent t il day intervals infected fruits removed) The average 
symptoms were pro i of irley wher percentage rot (Monilinia, Rhizopus) for all tests at the 
inoculated with the \ t plas ni end of the storage period for lots inspected periodically 
lated in the voun boot stage grat is " ind held at room temperature (4-6 days) was as follows 
tritici were heavily rust eeks after inoculatis iry checks, 44; hydrocooled check, 66; Dowicide. 37: and 
This technique shoul é ze f ations with other \Mycostatin, 32 Corresponding figures for the lots held 
pathogens and for the inje t f solutions o1 without opening were 59, 79, 43. and 24 respectively, For 
suspensions of su } iter r ind i the refrigerated lots (held 15—25 davs). the figures were 
active substances 60, 82. 29, and 17, respectively. 

Etiology and epip/ inthra Prevention of decay on strawberries by postharvest treat 
red clover. Corr, Herp ] | sTON B. Cows ments. DiMarco, G. R., anon B. H. Davis. Four tésts 
The survival potential of A 1, the incitant were conducted in 1955 on harvested strawberries dipped 
of northern anthracnose i by s ssf n chemicals and stored with and without refrigeration. 
isolation from infected re es stored unde From these tests, treatments of 1200 ppm captan, 2500 ppm 
field conditions for 13 nt he etentior t sorbic acid, and 100 ppm Mycostatin nystatin were 
viability of detached cor for than 8 ont 7 selected for further trial in 1956 with a pilot-seale hydro 
dry slides, on seed, ar held capa y of coole! Vacuum cooling also was employed a= a treatment. 
moisture. Infection o re lated plants were Field-run berries were treated in 16-quart wire-bound crates 
exposed to a moisture-saturate tmosphere for 5 irs at ind inspected periodically for decay. Four quarts from 
20°-259°C. Direct penetration petiole epidermis each treatment were inspected at each time interval and 
occurred within 48 hour iter tion with a= spore then discarded The average percentage by weight of 
suspension, after which t rganis ed through the healthy berries remaining for all tests after 2 days at 
tissues both intercellula i Sympt room temperature under a tarpaulin was as follows: captan, 
and sporulation were SET VE Cor , ere 73; sorbic acid, 66; Mycostatin, 81: vacuum cooled. 60: 
easily dislodged from ope free iter, but hydrocooled check, 42; and dry check, 47. Corresponding 
dispersal] could not be é trate I iddition to 77 figures for 6 days at 42°F were 68. 55. 80, 54, 55, and 
folium pratense, the species 7 [’. incarnat | 69, respectively. The 2- and 6-day periods were considered 
repens, T. hirsutum, 7 Tl. glomeratum. 7 to be the maximum storage time under these conditions 
angustifolium, T. mediur ] lr. fragifer The average percentage by weight of moldy berries 
Velilotus alba, and Me Us fect (Rhizopus, Botrytis) for all tests held for 2 days was 
experimentally inoculated captan, 3; sorbic acid, 6; Mycostatin, 4: vacuum cooled. 

28; hydrocooled check, 31; and dry check, 37. Correspond 

Prevention of deca oe ing figures for 6 days at 42°F were 4, 9, 2, 8, 5. and 10. 
ments. DiMarco. G. R. anp B. H_ Da Flev he respectively Captan and sorbic acid treatments left a 
ide wane tented in 19 ae get slight residue on the _ berries. 
harvested peac hes Fruits ‘ t inoculated in 
bated for 3 hours, dippe the icals, and stored Potato late blight control in Pennsylvania, 1956. Fink. 
with and without refrigerat i hemicals select Harry C. In an experiment replicated 3 times, 10 fungi 
for further trials, the a e | entage decay in 8 cides were tested as dilute sprays, 100 gal. per acre, 


244 





This 


nsect 


de nt, 
PCT e- 


term 


tatin 
(as 
ppm 
one, 
OCU- 
run 
and 
Hed 
nent 


One 


ed) 


at 
sts 

ved 
nm, 
ym 





April, 1957 | ABSTRACTS OF NORTHEASTERN DIVISION 245 


against Phytophthora infestans on Katahdin potatoes. In 
order of effectiveness, as reflected by the indicated yields 
in bushels per acre, these fungicides and the amounts used 
per 100 gal. were as follows: 2 lb. Manzate (70 per cent 
manganous ethylenebis!| dithiocarbamate|]), 763; 2 quarts 
SDD (40 per cent sodium dimethyldithiocarbamate) plus 
4 Ib. ZnSO,, 585; 2 Ib. Kemate (50 per cent 2,4-dichloro- 
6-(o-chloroanilino) triazine), 566; 2 Ib. Vancide Z-65 
(65 per cent zinc dimethyldithiocarbamate and zine deriva- 
tive of 2-mercaptobenzathiozole) , 170; 2 lb. Tennam 7 (70 
per cent manganous dithiocarbamate), 407; 2 lb. Omadine 
Mn (50 per cent manganese salt of 2-pyridinethione 
l-oxide), 396; 2 Ib. Tennam 5 (70 per cent manganous 
dithiocarbamate), 383; 2 lb. Omadine Zn (50 per cent 
zinc salt of 2-pyridinethione l-oxide), 381; 100 ppm 
griseofulvin, 361; and Copper-Zinc (basic copper and zine 
sulfates; 48 per cent Cu and 4 per cent Zn), 346. The 
differences between the yield of the plots receiving sprays 
of Manzate, SDD, Kemate, or Vancide Z-65 and that of 
the check (315 bushels/acre) were statistically significant 
at the | per cent level. The differences between the yield 
from plots sprayed with Manzate and those of plots 
receiving any of the other sprays also were highly sig 
nificant. DDT (dichlorodiphenyltrichloroethane) was used 
as insecticide with all materials. 


{pple powdery mildew control studies. Groves, A. B. 
Standard and experimental fungicides were tested for the 
control of apple powdery mildew (caused by Podosphaera 
leucotricha (EN. & Ewerh.) Salm.). A method was de- 
veloped for evaluating the degree of control effected by 
the treatments based upon counts of the actuel number 
of infections on terminal leaves recorded in reverse 
sequence of age. This method yielded satisfactory infor 
mation on both time and severity of infection and on 
over-all control. Over 95 per cent control was obtained 
with 3 formulations of Karathane (25 per cent 2-(1-methyl 
hephyl)-4,6-dinitrophenyl crotonate and isomers) when 
used throughout the season. Equally good control was 
secured with split schedules of sulfur early and Karathane 
late when combined with 4 standard organic fungicides. 
Of 2 antibiotics used, anisomycin gave excellent control 
but was excessively phytotoxic at 200 ppm; griseofulvin 
failed to control the disease. Karathane at % lb. per 100 
gal. was only slightly less effective than at 1 and 1% Ib. 
Statistically, the differences in the intensities of infection 
between leaf positions were highly significant on treated 
trees, but not on the untreated trees. 


Effect of polyethylene mulch on soil-borne pathogens of 
lettuce. Hitnorn, M. T., Paut R. Herter, ano G. F. 
Cooper. In certain seasons, head lettuce in Maine becomes 
susceptible to bottom rot (caused by Rhizoctonia sp.), 
drop (caused by Sclerotinia sp.!, and slime rot (caused 
mostly by Pseudomonas sp.). Inconsistent results with fungi- 
cides over a 4-year period led to a search for other means 
of control. In 1956, both black and white polyethylene 
mulches were used. The polyethylene varied from 36 to 48 
in. in width, and the lettuce plants were centered on the 
plastic so that no part of the lettuce head touched the soil. 
Both types of mulch gave good control of slime ret, which 
was quite prevalent in 1956. There was 16.3 per cent dis- 
ease with the white mulch, 18.2 per cent with the black 
mulch, and 52.7 per cent in the control. Neither mulch 
affected the distribution or size of the root system, the date 
of maturity, or the size or weight of the head. 


A yellows disease of Vinca rosea. MARAMOROSCH, KARL. 
An aster-yellows-like disease was observed in a_ sub- 
tropical region of Mexico. Plants of Vinca rosea 
affected by the disease showed color breaking and vir- 
escence of flowers and growth of secondary shoots. This 
Vinca yellows was studied in a greenhouse in a temperate 


climate where it was more severe than in Mexico, as mani- 
fested by the production of extremely short internodes, 
numerous chlorotic secondary branches, and very small 
leaves. Summer temperatures caused partial recovery of 
infected plants; high temperature was probably also 
responsible for the somewhat milder form of disease in 
nature. The virus was transmitted by dodder to carrot 
plants. It was not transmitted by the aster leafhopper 
from Vinca or carrot plants to carrot or to China aster. 
It was concluded that Vinca yellows belongs to the group 
of yellows-type diseases, none of which have been reported 
previously from Mexico, and that it is distinct from aster 


vellows. 


Heat-decomposition products of captan as phytotoxi 
agents. Mitver, P. M. In 1955, several general purpose 
spray mixes containing captan (\V-(trichloromethylthio) - 
t-cyclohexene-1],2-dicarboximide), malathion (S-(1,2-dicarb 
ethoxyethyl) -O,O-dimethyldithiophosphate), and  meth- 
oxychlor (1,1, 1-tric hloro-2,2-bis ( p-methoxypheny]) ethane) 
caused leaf spotting on apples and yellowing, leaf spotting, 
and dropping of peach foliage. Injury was associated with 
high temperatures during late spring. Pure or formulated 
captan suspensions dropped from pH 7.0 to pH 4.2 while 
standing for 2 weeks at 25°C and dropped steadily in pH 
when heated for 15 minutes at temperatures up to 75°C. 
Malathion and the mixture maintained rather constant 
pH unless heated above 75°C. The drop in pH by captan 
suspensions suggests formation of HCl by hydrolysis of 
the —SCC1, group. Free chloride ions increased in captan 
suspensions following heating as shown by tests with 
AgNOs. Solutions of 0.01 N HC1 produced spots on apple 
leaves identical with those produced by the mixture. When 
skim milk or activated charcoal was added to captan 
suspensions, the drop in pH was less pronounced than 
in their absence. It is suggested that captan alone or in 
mixtures containing acidic compounds is hydrolyzed slowly 
on standing or rapidly on heating and that HCI is pro 
duced as a result. 


Dispersal of ascospores of Venturia inaequalis. MILLER, 
P. M., ano P. E. Wacconer. A continuous record of the 
number of air-borne ascospores of Venturia inaequalis was 
kept from April 1 to June 4. Temperature, humidity, rain, 
leaf development, and perithecial development were re- 
corded. The first spore discharge occurred on April 26, 
when leaves were in the delayed-dormant stage. Discharge 
started 1 hour after the start of rain and increased in the 
next 4 or 5 hours to maximum intensities as high as 21,000 
spores per m® of air; 18 separate spore discharges occurred 
during the test. Discharge was almost completely lacking 
during a long rainy period on June 2-3 when perithecia 
were 25-35 per cent full of spores. Asci from these peri- 
thecia ejected ascospores very sluggishly in water on 
microscope slides. Although there were many ascospores 
still in the perithecia during this period when conditions 
were favorable for discharge, these spores evidently were 
functionless because the asci were unable to eject them 
into the air. This ejection is necessary before they can 
pass through the laminar flow layer and into turbulent 
air. Apparently, the last fourth of the ascospores con- 
tained in perithecia are of little importance as a source 
of infection, and most infections after June 1 come from 
conidia 


Control of downy mildew of broccoli with antibiotics. 
NATTI. JOHN J. In in vitro tests, Acti-dione (cyclohexi- 
mide), candicidin, and pleocidin at 1 ppm; tricothecin at 
2 ppm; ayfactin, endomycin, fungichromin, and neomycin 
at 4 ppm; filipin and thiolutin at 8 ppm; and streptomycin 
sulfate at 16 ppm inhibited the germination of spores of 
Peronospora parasitica. Etamycin, Mycostatin (nystatin), 
streptomycin nitrate, polycycline, and thiactin at 32 ppm 
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tially controlled the disease. 

Pathogenic specialization in Rhynchosporium  secalis, 
RicHarp D Rhynchosporium (Oud.) 
Davis is known to be specialized in its ability to attack 
Elymus 


SCHEIN, secalis 


{gropyron repe is, canadensis. Bromus 
Hordeum ubatum, Secale cereale, and Horde um vulgare. 
In Argentina, isolates from Hordeum vulgare have been 
ability to attack varieties 
of that host. This latter situation has now been demon- 


strated wit! 


inermis, 


shown to be specialized in their 


isolates from barley collected from Pennsyl- 
North Carolina, and California. Five 

separated, based upon their ability to 
attack the barley varieties Wisconsin Winter Glabron, 
Brier, Hudson, California 1311, Atlas 46, and Turk. There 
is no indication that this list is complete. In tests with 
Ome f the 5 established United States races, a world 


Pennessee, 


races have been 


Vania, 


collection of winter barlevs has been screened for resistance. 
igle-spray control of Gnomonia veneta on Platanus 

Sxyper, H. Donatp. Fol 
1955, 3] \merican 
sycamore and 118 London plane trees were sprayed in 
1956 with a “delayed application of PMAS 
10 per cent phenyl mercury acetate) at 1 pint per 100 


cidentalis and P acerttolia. 


favorable results obtained in 


dormant” 


gal \pplications were applied to one half of each tree 
between April 27 and May 5. A_ hydrauli 
used. omplete 


mon in Ne 


>-100 ft. in height, were moderately 


sprayer was 
defoliation of sycamore trees was uncom. 
Jersey in 1956. Only 3 sprayed specimens, 
affected Data were 
taken on a given number of branches selected at random 
abaxial to a diameter of 1.5 cm and at heights up to 38 ft. 
These were accessible through the use of a Hi-Ranger. a 
hydraulically operated platform that lifted the observer to 
the desired heights. On July 24, sprayed and unsprayed 
prance showed — the retained 
healthy leaves, 2132 and 1000; retained leaves exhibiting 


ilong the fruit, 118 


hes, respectively, following: 


necrotic symptoms veins, 51 and 4; 


and 21; living shoots, 103 and 150: and blighted twigs or 
small flags, 15 and 59. Data were obtained from 8 plane 


trees; of 3789 leaves from sprayed and 3731 from = un- 
sprayed portions, 199 and 411, respectively, showed necrotic 
symptoms. The total number ¢ 
| 


f blighted twigs was 20 and 


110 respectively 


BOOKS 


space becomes available. list titles of books on pathologic al 


inhibited the germinat t 50 we pee 6 el 
spores vhereas oT o! KViet y ne ere 
ineflective. In reen! ‘ ! 
plants were inoculated anal the f lavs af 
application of foliage | icitracin, endo 
mycin, fungichromin, M e t 50 a 
100 ppm were ineflective F ! the f¢ ie fr 
infection. where is tr I ! t ere ode! 
ately effective Act ) eflective a phvtotox 
at 1, 5, and 10 pp \ ative 06 y 
and 126-1 at 5, 10, ar | ony toxic but 
not provide effective conti losages Streptomve 
was the most effective i otics teste ts eff. 
tiveness wa enhance \ I exposing tl 
sprayed plants to nst Strepte — 
as a suriace and a i i tectant Viost of 
activity rema I ¢ ¢ 

{ stur ot the Vew Ha 
shire suscept ; f ‘ " y ; PAR 
RIDGI A. D p A | ‘ \ ‘ 
Puccinia peride porte 
as increasingly severe t | rea. Green 
house ma fie test ‘ tha } 
high moisture onditior nit i spore productior 
but that 6-8 he ‘it oveme 
are necessat tor 
optimum te perat ind 
to be 54°-70°1 Phe rtant for infection of asl 
is May 15 to June 2 I é or Marsl 
grass (Spartina spy tect eintectio is July 
20 to August | 1) t ’ g these e} ds 
reduces the occurret ! e ra 
epiphytoti I proportiona te it t inte iol 
Pyenial ind aecia fect é ‘ ' / 
americana er / é anica 
var. /anceolata ( Bork} > gra Mars!| ' 
little or no observabl flere host tolers 
resistance Lredial a te . ere served or 
Spartina alterniflora | S \it Viul i 
S. pectinata Link | ee ouse tests of 26 
fungicides indicated 12 xic to a , Ve 
little or no contro ¢ " R . xt ‘ lichloneg 
griseofulvin, \ycostatir . each pal 
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PHYTOPATHOLOGY will ‘ e to time as 

subjects. A brief descriptio f the contents of the 


Di KSON, | (, Diseases ot tre id crops. \I (,raw Hill 
Book Co In New York had 4 77 | Price 


$8.50 
This revised editior rged to lude 
several new diseases, new trations. and results of 


recent research. It contains ition on the dis 


eases of cereals, grasses, | me ind hber plants 
that are grown as field crops. Diseases are arranged 
under each crop plant on the sis of the primary 
causal factor Emphasis is placed on the character 
istics useful in identification of the diseases and on 
control, with particular emphasis on the practical 
problems of crop rotation, adaptation, and the use of 


disease-re sistant varietie 


hooks will be 


included 


1956. Mildious, oidiums, caries, 
rouilles des plantes de France. Paul 
Lechevalier, Paris. Vol. 1, 317 p. Vol. 2, IX & 89 
Price 18.000 frs. 

The author, 


Vik NNOT Bor GOIN, Gq. 


charbons, 


plates 
Plant Pathology at the 
National Institute of Agronomy, Paris. offers a compre- 


Professor ot 


hensive account of the powdery mildews, downy mil- 
dews, rusts, and smuts occurring on the wild and cul- 
tivated plants of France. In volume 1 (text) the host 


genera are arranged alphabetically, and under each 


its parasites in the 4 groups are listed with a brief 
Volume 2 is an atlas of 98 


very excellent full-page plates illustrating the macro- 


characterization of each. 


scopic and microscopic details of 


approximately a 
thousand of the fungi considered in volume 1. 
























